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1. Introduction 


n 


The purpose of this databook is to document the analysis performed to determine 
characteristics of a proposed alternate Space Station assembly sequence. The proposed 
assembly sequence (referred to as Tier 2) assumes that Russian participation has been 
eliminated and that the functions that were once supplied by the Russians (propulsion, 
resupply, initial attitude control, communications, etc.) are now supplied by the United 
States. The proposed assembly sequence utilizes the Lockheed Bus-1 to replace much of 
the missing Russian functionality. The information presented in this databook characterizes 
on a stage by stage basis the impacts of utilizing the Bus-1 on configuration mass 
properties, functionality, resource balances, operations, logistics, attitude control, 
microgravity environment and propellant usage. It should be noted that at the time of this 
writing, the characteristics mentioned are not yet fully defined for each stage of the baseline 
International Space Station program; therefore some characteristics will be based on or 
compared to a TBD/estimated baseline value. 


The Tier 2 assembly sequence was defined by the JSC International Space Station program 
office as a first iteration with the understanding that subsequent iterations would probably 
be required to address some of the issues that this analysis would identify. The databook 
includes identification of Tier 2 assembly sequence issues along with suggestions for 
resolving the issues. Changes to the proposed Tier 2 sequence were minimized during this 
first analysis cycle. 


Several significant issues were identified during this analysis cycle. Many of the earlier 
assembly flights had less than 90 days of orbital lifetime at the designated assembly 
rendezvous altitude. There is a shortfall in assembly and maintenance EVA available. The 
mass properties of the stages during the first half of the assembly sequence lead to large 
flight attitude angles and poor microgravity environments and will require the development 
of new CMG momentum managers. There is not enough reboost propellant manifested 
assuming a +2o atmosphere. There are significant delays in reaching program milestones. 
Many of these issues can be resolved but at the cost of possible baseline modifications and 
revisions in the proposed Tier 2 assembly sequence. 


i 
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2. Groundrules and Assumptions 


Assembly Sequence Groundrules and Assumptions 

One of the most significant groundrules established for the Tier 2 sequence is assembly at 
an orbital inclination of 51.6°. This requirement was established so that the Russians could 
re-enter the program if they chose to do so at some later time. Assembly altitude is 
restricted to an altitude that will provide a minimum of 90 days lifetime to 150 n.mi. A 
maximum of 6 Shuttle flights per year for assembly was groundruled to reduce the Shuttle 
flight rate while allowing the possibility of inserting an additional yearly Shuttle flight to 
supply EVA and fuel logistics. A FEL date of February 1998 was chosen so that the first 
node delivery would not be accelerated (assuming a Shuttle flight every other month) and to 
account for some delay due to Russian non-pardcipation. All flights were manifested with 
margins, reserves and overhead similar to baseline flights. Although a goal was not to 
significantly deviate from the baseline assembly sequence, the proposed Tier 2 sequence 
changes the order of many flights and rearranges some of the cargo elements. 


Systems Functionality and Operations Groundrules and Assumptions 

Assembly of the Tier 2 Space Station Configuration will require an extensive amount ,of 
Extra- Vehicular Activity (EVA). In order to perform an assessment of what EVA resources 
were necessary to complete the assembly, the following assumptions were made: 

• The SSRMS checkout will occur on the flight that it is delivered to orbit, 
ensuring its availability for use on the following flight. 

• All EVAs will be performed from the Shuttle during assembly phase. 

• There are 2 EVAs available per flight (baseline). Additional EVAs will be 
available by manifesting extra gases in Shuttle bay. 

The EVA groundrules that were used as a baseline for this study are: 

• EVA maintenance tasks will not be addressed during this version of the study. 

• No EVA will be scheduled during Utilization Flights. 


Flight Characteristics Groundrules and Assumptions 

Electronic I-DEAS models of the baseline 9/28 assembly sequence were obtained from JSC 
and modified to match the Tier 2 sequence. These models were used to derive mass and 
aerodynamic properties for the flight characteristics analysis. The mass of each stage 
model is typically within a few percent of the actual manifested on-orbit total. Projected 
areas are derived for each stage by performing ray tracing. A drag coefficient of 2.3 was 
assumed for all drag calculations. 

Several atmosphere models were used to assess the flight characteristics. CMG and RCS 
attitude control simulations were performed using a peak solar cycle worst case atmosphere 
(flux=230, Ap =140). Microgravity analysis assumed a +2o atmosphere with a two year 
shift in the solar cycle to provide a more probable density profile that would accompany a 
schedule slip. Steady-State envelopes for one, two and four pg were plotted along with 
corresponding US Lab rack values. The reboost analysis used the same atmosphere as the 
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microgravity analysis as well as two other atmospheres. See Appendix A for atmosphere 
tables. 

Attitude control analyses without an attached Shuttle were performed on all stages. Attitude 
control analyses were also performed on Stages 5 and beyond with a Shuttle docked to the 
station (the Shuttle maintains control of the combined stack till Stage 5). CMG control of 
the station is performed with the Bus CMGs until the activation of the Z1 truss at which 
time the station CMGs (4*4745 N-m-s) are utilized. A range of CMG control 
laws/momentum managers were utilized depending on stage properties. 

An optimizer was utilized to calculate reboost efficiency as a function of engine gimbal 
angle, flight attitude, thruster geometry and configuration mass properties. All stated 
efficiencies assume a reboost engine gimbal angle of less than ±10 degrees and a flight 
attitude within ±15 degrees of LVLH. A modified Freedom CDR RCS control algoritiim 
was used for simulating station maneuvers with the Bus. 


Logistics Analysis Groundrules and Assumptions: 

The US will provide propellant resupply for the ISSA using the Bus-1 and will provide 
ECLSS for the ISSA using an as yet undetermined delivery mechanism aboard the Shuttle. 
Using the neutral atmosphere definition as defined in Section 3.2.6. 12 of SSP 41 163. The 
altitude strategy is defined as follows: 

• For the Assembly Phase: the minimum operational altitude for the on-orbit 
space station shall be the altitude that provides 90 days of orbital decay to 278 
(150 n.mi.). 

• Post Assembly Phase: the minimum operational altitude for the on-orbit space 
station shall be the altitude that provides 180 days of orbital decay to 278 Km 
(150 n.mi.) and satisfies the quasi-steady microgravity requirements. 

• For the Assembly Phase and the Post Assembly Phase: the on-orbit Space 
Station shall have sufficient skip cycle reserve propellant for reboost to an 
altitude that results in at least 360 days orbital decay to 278 Km (150 n.mi.) 
under nominal operations. 
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3. Systems and Logistics Impacts 


3.1 Revised ISSA System Capabilities 

3.1.1 Command and Data Handling 

Baseline Capability - Russian Services 

The baseline Command and Data Handling system is a “hierarchical architecture consisting 
of data processing components connected using MDL-STD-1553B data buses”. The main 
computational device is the Enhanced Space Station Multiplexer/Demultiplexer 
(EESMDM), and the main input/ouput device is the Space Station 
Multiplexer/Demultiplexer (SSMDM). The crew interface to the Command and Data 
Handling system and payloads is through the Portable Computer System (PCS), which is 
based on commercially available hardware and software. Three computers are located in 
the Russian Segment (RS) elements. These computers provide command and data 
handling of the RS GN&C equipment and other system equipment. Those computers 
directly supporting the RS GN&C equipment are eventually connected to the U.S. GN&C 
MDMs that are responsible for controlling the rate gyros, CMGs, and the GPS equipment. 

TIER 2 Capabilities 

The Tier 2 Configuration makes no significant changes to the baseline C&DH system 
architecture. The Bus-1 replaces the early computing capability that was provided by the 
Russian FGB and Service Module elements. By definition, the three Russian Segment 
(RS) Central Computers in the baseline configuration will no longer be available. AU initial 
computing capability, including the necessary GN&C support functions, will be provided 
by the Bus-1. As in the baseline, the station C&DH system will ultimately assume control 
of the station systems and payload operations. 


3.1.2 Communications and Tracking 
Baseline Capability - Russian Services 

Prior to Houston control of the station via the U.S. Lab & TDRSS, all communications 
with the station involved some aspect of Russian involvement. The initial stages of the 
build-up involve four different scenarios of communicating with the station: 

1 . Telemetry and commands via MCC-Moscow (initially Houston directs Moscow by voice, late 
Moscow routes Houston commands) 

2. FGB telemetry downlinked to Houston via NASA modified comm sites 

3. FGB command and telemetry at Houston via Russian-provided communications in U.S. 

4. NASA onboard crew member control (following Flight 2A) 

Houston control of the station occurs following Flight 4A, although the ability to 
communicate with the station to/from Moscow remains via the Service Module. 


TIER 2 Capabilities 

All telemetry and commands prior to the activation of the TDRSS antenna and control 
equipment will be routed through the Bus-1. 


3.1.3 Environmental Control and Life Support 


Baseline Capability - Russian Services 

The baseline ISSA ECLSS functionality consists of Russian- and U.S.-provided services. 
The phases of ECLSS functions can be described in terms of: 1) the period prior to U.S. 
Lab activation (i.e., Flights 1A - 6A); 2) the time period between U.S. Lab activation and 
initial U.S. HAB activation (i.e., Flight 7A-17A); and, 3) the time period following U.S. 
Hab activation (i.e., Assembly Complete). 


Prior to U.S. Lab activation, the Russian Service Module provides the primary ECLSS 
functionality to all elements. Those functions provide life support for a crew of three and 
consist of: 


air storage 
oxygen generation 
potable water processing 
temperature and humidity 
control/filtration 
contamination removal filtration 


trace contaminant removal 
urine/fecal collecuon 
fire detection/suppression 
pressure/temperature sensing 
gas monitoring - C0 2 , 0 2 , H 2 0 
C0 2 removal 


During the second phase, the Russian elements continue to provide Urine 
Collection/Processing and Fecal Collection in the Service Module. Following activation of 
the U.S. Hab, the Russian elements provide ECLSS redundancy. 


TIER 2 Capabilities 

Utilization of the Lockheed Bus-1 prior to activation of the Lab results in a complete loss 
of the ability to support crew on the station at an early stage. In the Tier 2 scenario, this is 
ho longer feasible and therefore the loss of these functions will not impact the revised 
sequence, except for the fact that there will be no station-based crew to assist with 
assembly and maintenance EVAs. Entry of Node 1 will occur when the orbiter is docked 
and providing ventilation and atmosphere control. High Pressure gases (02 and N2) must 
be manifested early in the sequence to provide for gas leakage in the Node 1 and Lab. 

During the second phase, the U.S. Lab will provide the U.S. elements with Atmosphere 
Control and Supply, Atmosphere Revitalization, Fire Detection and Suppression, 
Temperature and Humidity Control, and partial Water Recovery and Management (no 
potable water processing and monitoring). Waste Management functions will be provided 
by the Shuttle during the assembly missions. 

Levels of redundancy must be investigated to ensure that a fail-safe/operational system is in 
place without the Russian hardware. 
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3.1.4 Electrical Power 
Baseline Capability - Russian Services 

Prior to delivery and activation of the P6 segment on Flight 8, the Russian FGB element 
provides 1 19 - 126 Vdc to the United States On-Orbit Segment (USOS) for Node 1, PMA, 
and Z1 equipment heaters. The current plan is for the Russian segment to provide 1.2 kW 
of power during the early build-up (Rights 1-8). 

TIER 2 Capabilities 

The Lockheed Bus-1 will provide the 1.2 kW prior to activation of the P6 power segment 
on Flight 4. In order to meet this power requirement, Stages 2 and 3 will fly in solar 
inertial flight modes. The Bus-1 produces power at 28 Vdc, requiring a converter on the 
Bus-1 extender truss to convert to the 1 19 - 126 Vdc used on the station. 


3.1.5 Extravehicular Vehicular Activity/Robotics 

There are no changes from the U.S. baseline capabilities, except that all of the EVAs that 
were planned to be performed with a station-based crew in the baseline program are now 
Shuttle-based, and they occur during the assembly flight. 


3.1.6 Guidance, Navigation, and Control 

Baseline Capability - Russian Services 
The Russian Segment capabilities consist of the following: 

• Determining state vector and * 

attitude (redundant w/U.S.) 

• Generating pointing and support * 

data (redundant w/ U.S.) * 

The equipment providing these capabilities that will no longer be present is: 

• FGB: 

• X-axis accelerometers 

• Two-axis infrared horizon sensors (2) 

• Single axis rate gyros (3) 

• KURS rendezvous radar 

• Flight computer (internally triple redundant) 

• Service Module 

• Star trackers (2 narrow, 1 wide FOV) 

• Sun sensors (4) 

• Horizon sensors (3) 

• Magnetometers 

• Rate gyros •• (1) 3-axis high and (1) 3-axis moderate accuracy 

• GLONASS navigation sensors 

• Flight computers supplied by ESA (3) 

• Science Power Platform - 1 

• Gyrodynes - (qty6) 


Maintaining attitude non- 
propulsively (redundant w/ U.S.) 
Executing translation maneuvers 
Controlling attitude propulsively 
Providing desaturation torque 
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Cross-strapping between the U.S. and Russian computers passes information on position, 
velocity, attitude, and attitude rate. Commands for momentum change, pulse patterns, and 
thruster firing confirmation are also transferred between the U.S. Lab and the Russian 
Service Module. 


TIER 2 Capabilities 

All Russian capabilities will be replaced by the Bus-1 during the early assembly stages of 
the station. See Section 3.3 for a description of the Bus-1 capabilities. 


3.1.7 Propulsion 

Baseline Capability - Russian Services 

The baseline propulsion capability is provided solely by Russian elements, all of which 
have been flight proven during numerous Russian space activities. The elements consist of 
the: 

• FGB universal block with -5700 kg of propellant storage capacity 

• Service module with -900 kg of propellant storage capacity 

• Progress M with -1800 kg of propellant storage capacity 

The vehicles will be used in a phased approach that is competed with the delivery of a 
Progress M . The FGB will initially provide attitude control and delta velocity capability 
until the Service module is attached. Following delivery of the Service module, the FGB 
will provide propellant storage/transfer only. The Service module will provide attitude 
control and delta velocity capability until a Progress M is attached, which will ultimately be 
the vehicle that provides the primary capability for attitude control and delta velocity. When 
propellant in the Progress M vehicle is depleted, a new Progress M will be launched and 
the depleted vehicle will be de-orbited. 


TIER 2 Capabilities 

The propulsive capability of the Tiers 2 configuration is provided solely by the Bus-1 
vehicle. The first element launched consists of a Bus-1 vehicle and a space truss that 
functions as: 1) a spacer between the module cluster and the Bus-1; and, 2) a location for 
the solar cells that generate power for the Bus-1 and the early stages of the Space Station. 
During the early stages of the assembly sequence, this Bus-1 will be located aft of Node 1 
(the primary location) and will provide all attitude control and delta velocity capability. 

^ e ^ vers a second Bus-1 which is located on the zenith face of the P6 Power 
Module. This second Bus-1 provides a redundant proplusive capability. 

The Bus- 1 ’s will be replaced as required to ensure a sufficient level of propellant is stored 
on-orbit. 


3.1.8 Thermal Control 

There are no changes from the baseline capabilities. 


3.2 Logistics Impacts 


The Environmental Control and Life Support System (ELCSS) for the ISSA is highly 
dependent upon the Russians to provide gases to maintain the crew in a safe and habitable 
environment. These gases will be supplied using the Progress resupply vehicle using a 
number of high pressure storage tanks. Water will be resupplied by reclaiming potable 
water from crew waste water. The U.S. side of the ISSA, at Assembly Complete, will 
include sufficient equipment to provide the six major ECLSS functions required to sustain a 
six person crew. These functions are : 1) Temperature and Humidity Control, 2) 
Atmosphere Control and Supply, 3) Atmosphere Revitalization , 4) Fire Detection and 
Supression, 5) Water Recovery and Management, and 6) Waste Management. 

If the Russians decide not to support the ISSA program, the existing equipment included in 
the U.S. ECLSS would remain the same, but would require that additional gases be 
provided to the pressurized Station elements. These gases would most likely be delivered 
using modified Gas Conditioning Assembly (GCA) tanks mounted to an Extended 
Duration Orbiter (EDO) type pallet. 

A summary of the gas supply required before Tier 2 Assembly Complete can be achieved is 
given in table 3.2-1. The total gas resupply mass to orbit by the end of Assembly 
Complete is required to be 1 3,990 lbs. 


Table 3.2-1 Gas Supply Analysis at Assembly Complete 


Hifth Pressure Gas 


Mass (lbs 


440 


480 


1320 


1440 


1340 


800 


Functions • : 

hems 

90-Day Resupply 

N, Gas 


N, Tanks 

0» Gas 

0} Tanks 

Carriers 

Carrier/Pallet 
Hookup/Debris Shields 

Sub-total 


Repressurization & 45- 
Day Skip Cycle 

N 2 Gas 


N, Tanks 

CX> Gas 

O) Tanks 

2-Fault Tolerance 

N, Gas 


N, Tanks 

0?Gas 

O, Tanks 

Carriers 

Carrier/Pallet 
Hookup/Debris Shields 

Sub-total 



Assembly Phase 
Element Leakage 


N 2 Gas 


N, Tanks 


O, Gas 


O, Tanks 


Carriers 


Carrier/Pallet 
Hookup/Debris Shields 


Sub-total 


Total 



2910 


13.990 


Each earner holds 4 Tanks 
Carriers = 1 1’ x 4’ x 7’ = 308ft 3 
Tank = 38” diameter = 15 ft 3 

1 additional N 2 & 0 2 Tank each required to implement 2-Fault Tolerance 
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3.3 Bus-1 Functionality 


A puipose of this study was to help define the needed functionality that the Bus-l(s) would 
provide in order to assist in the assembly and operation of the international Space Station, 
ror this first iteration, the Bus-1 functionality was assumed to be as close as possible to 
currently existing “off the shelf* hardware functionality. For manifesting purposes, the 
buses used in this Tier 2 assembly sequence were all identical although the first Bus-1 
delivered to orbit is the only one that needs to have full spacecraft functionality. The 
remaining buses delivered to orbit would only require propulsion tank/thruster 
functionality. These buses could be modified to have a larger propellant storage capability 
than the first Bus-1 in order to minimize potential propellant shortages. 

Data Sources 

The following documents and studies were used to obtain technical information on the Bus- 
1 vehicle: 

1. Bus 1 Technical Data Book - July 1993; Lockheed Missiles and Space 
Company 

2. Bus 1 Implementation Concept for Space Station Alpha • 25 November 1993; 
Lockheed Missiles and Space Company 

3. Bus 1 Study Review, FY94 & FY9S - September 2, 1994; Lockheed 
Configuration (see figure 3.3-1) 

• Diameter: 159 in. 

• Length: 105 in. 

• 24,000 lb (including propellant) 

• 1 1 ,660 lb propellant capacity 

• == > 12,340 lb of hardware, software, etc. 

Data Management System 

• Approximately 1.4 MIPS aggregate/CPU box (3 processors) 

• 96K word addressable memory - 24 bit word length 

• 3072 instrument channels for 3 RDMs 

• 768 discrete outputs for 3 RDMs 
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Figure 3.3-1 Bus-1 configuration. 


Attitude Reference System 


• 9 rate gyros provide attitude reference knowledge 

• 5 active at any time (4 spare) 

• 0.03 deg/hr drift stability 

* system™" 8 ^ “ nsors provide periodic u P daKS t0 attitude reference 

• <5 arc-seconds accuracy 

• 4.8 deg FOV 


2 3-axis magnetometers 

* syms 


. — oasea on magnetometer and rate 
Corrects pnmary reference if primary reference is not healthy.’ 



• Control Sun Sensor 

• “Can provide attitude correction in sun pointing attitude only.” 

• “Used as back-up only when star processing and magnetic reference 
algorithms are not healthy.” 

• “Ephemerir. determination is accomplished by use of the Bus- 1 Position 
Reference Subsystem which utilizes a single channel GPS receiver and ground 
algorithms.” 

Momentum Management 

• 6 - single-axis CMGs used to maintain station attitude until activation of Station 
CMGs 

• Each CMG provides 1700 ft-lb-sec of angular momentum capability 

• System Spherical Momentum Capability 

• 6 CMGs (3H = 5 100 ft-lb-sec) 

• 5 CMGs (2.4H = 4080 ft-lb-sec) 

• 4 CMGs ( 1.6H = 2720 ft-lb-sec) 

• Geometric momentum capability is up to 9250 ft-lb-sec in some directions 
(capability not currently used) 

Propulsion System 

Information pertaining to the exact thruster layout of existing Bus-1 hardware was not 
available. A Space Station specific thruster layout that was designed to reduce plume 
impingement on the station radiators and other surfaces was utilized. Figure 3.3-2 shows 
the attitude thrusting directions for both Buses on the Stage 36 station configuration. The 
cant angle of the thrusters minimizes plume impingement for aft Bus-1 on station 
subsystems such as the TCS radiators. The zenith Bus-1 attitude thruster plane is also 
shown in this figure. For Stages 10-21, the zenith Bus-1 is located even farther away from 
the station core body, due to die P6 truss segment being incorporated into the z-axis truss 
extension. Figure 3.3-3 demonstrates the Bus-1 reboost engine gimbal range in relation to 
the station solar arrays and TCS radiators. The two Bus-1 reboost engines are oriented 
along the station body x-axis and are capable of gimbaling ±10 degrees. There appears to 
be sufficient clearance between the reboost thrust direction and station components. The 
resulting thruster plume effects should be minimal. 
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Figure 3.3-2 X-axis view of aft and zenith bus thruster configuration. 







of aft and zenith bus thruster configuration. 






It was assumed that the reaction control systems of the aft and zenith buses were not coupled 
together which leads to worst case fuel estimates for station maneuvers. The higher fuel 
consumption results from the a small roll moment arm on the aft Bus-1 and a small yaw moment 
arm on the zemth Bus- 1 . 

• Bipropellant system MMH/N 2 0 4 

• 2 main thrusters operating at 1 40 lbf to 300 lbf (±10 degree gimbal angle) 

• ISP = 295 sec 

• Total impulse per engine = 3,000,000 lbf-sec 

• Minimum impulse bit = 3.5 lbf sec 

• 247 W power requirement 

• 2 sets of attitude control thrusters (total of 12) operating at 10 lbf to 22 lbf 

• Avg. ISP = 265 sec (pulse mode); 280 sec steady state (>10 sec.) 

• Total impulse per thruster = 1 34,000 lbf-sec 

• Min. pulse width = 0.1 sec. 

Power System 

• Maximum power * 3200 W of 28 Vdc (nominal) power (@5 1 .6 deg.) 

• 6 NiHj (22 cell) batteries with 1 5 amp-hours rating at BOL (90 amp-hours total) 

• 1121b 

• GaAs solar cells on a Germanium substrate are mounted to the stinger 
Thermal Control System 

• Passive: 

• Tapes, paints, MLI 

• Active: 

• subsystem, battery variable conductance heat pipes, GMA, 
GPA/GMA gyros and star sensors utilize heaters. 

Communications System 

• S-Band transponder (dual channel) 

• 1 Kbps UP, 32 Kbps Down (direct to ground) 

• Uses the Space Ground Link Subsystem (SGLS) with USAF Ground Stations 

• Four switched antennas 

• 261b 
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Launch Packaging 


The first Bus-1 launched requires an attached extender truss which has several key functions. The 
primary function is to move the reaction control jets and reboost engines as far as possible from 
space station systems to minimize plume impingement. Another function is to provide space to 
attach solar arrays and a power data grapple fixture. The extender truss also acts as an interface 
between the Bus-1 and the station attach point Figure 3.3-4 depicts two options for the aft Bus- 
i/extender which is the first element launch in this sequence. The Long Extender Option assumes 
that the outfitting of the last orbiter with the Orbital Docking System (ODS) has been delayed past 
PEL. This allows over 8 feet of additional space in the cargo bay for a longer extender truss 
resulting in almost no plume impingement. Delaying the installation of the ODS could have 
significant schedule impacts on the remainder of the assembly sequence thus the Short Extender 
Option was used in this iteration of the analysis. All analysis assumed die Short Extender Option 
with the exception of the robotic/kinematic analysis which assumed the Long extender Option as a 
worst case scenario. Composite Shuttle payload center of mass calculations are TBD but should be 
within operational constraints due to the large amount of mass associated with the Bus-1 in the aft 
end of the Shuttle. 













4. Assembly Sequence 


The Tier 2 Assembly Sequence was provided to LaRC Spacecraft and Sensors Branch (SSB) by JSC 
International Space Station Program Office. The LaRC Tier 2 Data book team made slight modifications 
to the sequence in order to reduce EVA assembly lequircmcnts. The flight names were renamed in effort 
to maintain consistency with the baseline (9/94) ISS A Assembly Sequence. For example, the centrifuge 
comes up on flight 14A in the baseline, therefore it was called flight 14A in this alternate assembly 
sequence. “New” flights were named after the previous flight with an + sign as an identifier that this was 
an addiuonal flight over that in baseline. These additional flights were necessary to provide additional 
EVA time to assemble the station. The baseline program has crew on-board Station early in the sequence, 
and uses this crew to provide EVA when the Shuttle is not present. The stage numbers are used to 
identify the sequential order of the flights. 

Table 4-1 provides the Tier 2 Assembly Sequence Summary. The table provides the stage number, the 
launch date used for analysis, the elements delivered to Station, the assembly altitude, net mass to orbit, 
Shuttle mission duration, the number of Shuttle crew, and the scheduled EVA missions for each assembly 
flight. The detailed Shuttle manifests for each assembly flight are provided in their stage specific Section 

i. 


The mass properties of Stages 1 through Stage 36 are listed in table 4-2. Table 4-3 lists the mass 
properties of Stages 1 through 36 with the Shuttle attached. The tables include mass, center of gravity 
(measured in meters with respect to the origin located at the center of the SO truss segment), principal to 
body axis Euler angles, and the principal moments of inertia. f>tage characterization trend analyses are 
presented in Section 6. 


Table 4-1 Tier 2 Assembly Sequence Manifest 
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Table 4-2 Tier 2 Space Station Mass Properties 
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5. Flight Characterization by Assembly Stage 

5.1 Stage 1 Flight Characterization 

5.1.1 Stage 1 - Flight 1A Shuttle Flight Manifest 

The Space Station assembly sequence begins with the launch of Bus-1. Table 5.1.1-llists 
the Shuttle Flight Manifest for Stage 1 - Flight 1 A. In the First section of the table, the 
first column lists the station hardware launched, the second column gives the hardware 
mass, and the third column lists any additional Flight Support Equipment (FSE) required 
to launch the Station hardware but not left on-orbit. The total mass of the station 
hardware to orbit is 31221 lbs. The second section of table 5.1. 1-1 shows the Shuttle 
Performance and hardware/consumables required for the mission resulting in the net 
Shuttle Lift Capability of 31296 lbs to 217 n.mi. at an inclination of 51.6°. Subtracting 
the hardware and FSE subtotals from this amount gives a mission f :ght margin of 75 
lbs. 


5.1.2 Stage 1 Configuration 

An isometric picture of Stage 1 is depicted in figure 5. 1.2-1. Refer to figure 5. 1.2-2 for 
the front, side, top and isometric views of the Stage 1 configuration. 

5.1.3 Flight 1A Assembly Operations Description 

Bus-1 and a PV array mounted on the spacer truss are launched. A CBM (Node 1 truss 
adapter) is mounted on end of truss to connect to Node 1 on Flight 2A. 

The SRMS removes the Bus-1 assembly from the Shuttle payload bay. The Bus-1 is 
oriented aft, spacer truss is forward. Flight mode is arrow and no reboost required until 
next assembly flight. The assembly altitude will be such that Stages 1, 2 & 3 will meet 
Flight 4A's assembly altitude requirements. 

System Resource/Functionalitv 

First element launch provides the Bus-1 capabilities documented in Section 3.3. 
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Table 5.1.1-1 Stage 1 - Flight 1A Shuttle Flight Manifest 


Hardware 


Hus -1 
Hus I*V 
batteries 

Node 1 to truss adapter 
Spacer 

1 • 
1 
1 


subtotal 

31221 

0 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


300 

Variable Integrated Hardware 


0 

Variable Shuttle Consumables 


-55 

Food and Gear (-55 ibs/day > 6) 

55 


Middeck Lockers 


-160 

Generic Integrated Hardware 


- 5474 

External Airlock 

3000 


4th Cryo Tank Huids 

866 


3rd EMU 

300 


SAFERs (2) 

200 


Misc integration hardware 

118 


Attach Hardware 

990 



5474 


Weight Growth Reserve 


-1000 

Total Shuttle Lift Capability 


31296 


Mission Flight Margin 


jl! 
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5.1.4 Stage 1, Flight 1A Performance Characteristics 

Stage 1, Flight 1A is initially launched to an altitude of 217 n.mi. Nominal launch date is 
February, 1998. Nominal flight attitude is arrow. The configuration is allowed to decay 
until Stage 2 is launched in April, 1998. 

There are no microgravity requirements for Stage 1. 

Table 5. 1.4-1 summarizes the lifetime characteristics of Stage 1 assuming +2 ct atmosphere 
conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 56.5 lbs/ft 2 . 
No reboost was performed for this stage as it is required to decay to 213 n.mi. in order to 
rendezvous with Stage 2. For this stage there is sufficient propellant reserve on board the 
station to meet the skip cycle contingency reboost requirement. 


Table 5.1.4-1 Lifetime Characteristics 


! .Reboost : 1 Aft Bus Proliant ] Zenith Bus |; J: 

: |-1^ti8ainingpt« V '*■ . Tropellafl^S: 
llfl nil (I ->Cv ' Reboost. •. ! Remising After 

I MHH Sill 1! ••••' Reboost (IBsIft 




217 ! 

1 N/A 

N/A 

11.600 

N/A 

386 


The control characteristics of Stage 1 under design atmosphere conditions are displayed in 
figure 5. 1.4-1. Table 5. 1.4-2 summarizes the control characteristics depicted in the plots. 
Control requirements for Stage 1 require only a small fraction of the capability of the bus 
CMGs. 


Table 5.1.4-2 Control Characteristics Summary 




■rifi Attitude 
lilll Pitehvl; 


5.0 dc 

grees | 

0.0 degrees 

1 -1.25 degrees 


: rfg;Nfaxjmum §;§ 
i^psDeviatidn- . lit 

Peak. .. 
Momentum 

± 2.0 degrees 

< l20N-m-s 


5.1.5 Issues and Concerns 
None. 



























5.2 Stage 2 Flight Characterization 

5.2.1 Stage 2 - Flight 2A Shuttle Flight Manifest 

The second assembly flight delivers Node 1 , equipped with two stowage racks and the 
Pressurized Mating Adapters 2 and 3 (PMA-2, PMA-3). Table 5.2. 1-1 lists the Shuttle 
Flight Manifest for Stage 2 - Flight 2A. The total mass of the station hardware to orbit is 
27631 lbs. The second section of table 5.2. 1-1 shows the Shuttle Performance and 
hardware/consumablcs required for the mission resulting in the net Shuttle Lift 
Capability of 30338 lbs to 213 n.mi. at an inclination of 51.6°. Subtracting the hardware 
and FSE subtotals from this amount gives a mission flight margin of 2707 lbs. 

5.2.2 Stage 2 Configuration 

Figure 5.2.2- 1 displays the isometric view of Stage 2 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5. 2. 2-2 shows the front, side, top and isometric 
views of Stage 2 with the Shuttle attached. 

5.2.3 Flight 2A Assembly Operations Description 

PMA2 and PM A3 are launched preattached to Node 1. The SRMS grapples a Flight 
Releasable Grapple Fixture (FRGF) on PMA-2, removes Nodel/PMAs element from the 
payload bay, and pitches it 90 degrees relative to the Shuttle. The operation is 
completed when Node 1, via PMA2, is attached to the Shuttle docking system (ODS). 
The SRMS removes PMA3 from the Node 1 axial port and attaches it to Node 1 nadir 
port, which is located in the +x-axis (shuttle coordinate) direction. The Shuttle then 
performs an R-bar approach to Stage 1. The SRMS grapples the Bus-1 assembly at the 
Power Data Grapple Fixture (PDGF) located on the stinger and attaches it to the common 
berthing mechanism on the Node 1 axial port. 

Following separation, the Stage 2 flight mode is solar inertial with the body x-axis (i.e., 
along the Bus- 1/Node 1 assembly) in the plane of the orbit perpendicular to the sun line. 

System Resource/Functionalitv 
Stage 1 functionality, plus: 

• Shuttle pressurized access via PMA2 

• Node 1 remains in “keep-alive” state 


Resources Available: Power: 

Thermal: 

3200 W (Bus-1) 

EVA: 

24 crew-hours 

Resources Required: Power: 

868 W (U.S. Housekeeping) 

1600 W (Bus-1 Housekeeping) 

Thermal: 

TBD 

EVA: 

17:20 crew-hours 
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Table 5.2.1-1 Stage 2 - Flight 2A Shuttle Flight Manifest 


Hardware 

Node 1 

US Stowage Rack 3 
APMAJS Stowage Rack 4 
PMA2 
PM A3 


Mass (lbs) 
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igure5.2.2-2 Stage 2 




5.2.4 Stage 2, Flight 2A Performance Characteristics 

Stage 2, Flight 2A is inertially pointing with the body x-axis in the plane of the orbit 
perpendicular to the sun line, and a roll angle attitude about the body x-axis equal to the 
solar beta angle in order to obtain full power from the body fixed PV array. Flight 2A is 
launched to an altitude of about 213 n.mi., the exact value depending on the decay rate and 
atmospheric density conditions for Stage 1. Nominal launch date is April, 1998. 

Stage 2 is not intended to provide microgravity science. 

Table 5.2.4- 1 summarizes the lifetime characteristics of Stage 2 assuming +2o atmosphere 
conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 36.9 lbs/ft 2 . 
No reboost was performed for this stage as it is required to decay to 204 n.mi. in order to 
rendezvous with Stage 3. For this stage there is sufficient propellant reserve on board the 
station to meet the skip cycle contingency reboost requirement. 


Table 5.2.4-1 Lifetime Characteristics 


Altitude 

(nrfti) 

I^Reboost-^ 

MMlllll 


Big 

•ff 

^"firpp^llant: ||§ 
1 Reboost (lbs3 !! 

ittehdezai'oeM 

■ minim 

213 

N/A 

N/A 

11.600 

N/A 

223 


In a +2o atmospheric density environment, the minimum control yaw attitude varies 
between ±2 degrees depending on the solar beta angle. The roll attitude is equal to the solar 
beta angle, and the pitch attitude is such that the PV array is pointing to the sun. This 
results in a ballistic coefficient which varies from 170 to 190 Kg/nr depending on the day 
of year and orbit ascending node. No microgravity experimentation is planned for Flight 
2A. 

Table 5.2.4-2 summarizes the control characteristics of Stage 2 in a design atmosphere 
environment. Since the configuration is held in a nearly inertial attitude, an accumulation of 
angular momentum will occur, which will require periodic jet desaturation about once a 
week. 


Table 5. 2.4-2 Control Characteristics Summary 



j||i : Attitude' 
• Yaw 

|?f| Maximum 
I*? Deviation 


m§mmm 

0.0 degrees 
75.0 degrees 

-1.3 degrees 
0.7 degrees 

<±0.1 degrees 
<±0.1 degrees 

7 N-m-s/orbit 
39 N-m-s/orbit 

0.01 Kg/day 
0.23 Kg/dav 


5.2.5 Issues and Concerns 

Solar inertial flight mode: 

Currently also an issue in the baseline due to thermal concerns. A less severe 
thermal environment could be obtained by flying this stage in an LVLH/arrow 
mode but larger and more complex single axis articulating arrays would be 
reouired. 
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5.3 Stage 3 Flight Characterization 

5.3.1 Stage 3 - Flight 3A Shuttle Flight Manifest 

The third assembly flight delivers the Z1 truss segment with the Control Moment Gyros 
(CMGs) and the Ku-band antenna, the Extra Vehicular Activity System (EVAS) and the 
High Pressure N2 & 02 tanks on a spacelab pallet. Table 5.3. 1-1 lists the Shuttle Flight 
Manifest for Stage 3 - Flight 3 A. The total mass of the station hardware to orbit is 14004 
lbs (not including high pressure gas carriers). The second section of table 5.3. 1-1 shows 
the Shuttle Performance and hardware/consumables required for the mission resulting in 
the net Shuttle Lift Capability of 26871 lbs to 204 n.mi. at an inclination of 51.6°. 
Subtracting the hardware and FSE subtotals from this amount gives a mission flight 
margin of 10457 lbs. This margin should be sufficient enough to allow for manifesting 
high pressure gas to be used for repressurization and leakage make up. 

5.3.2 Stage 3 Configuration 

Figure 5.3.2-1 displays the isometric view of Stage 3 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.3.2-2 shows the front, side, top and isometric 
views of Stage 3 with the Shuttle attached. 

5.3.3 Flight 3A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 2 occurs along +R bar at an altitude of 204 
n.mi. Station rendezvous attitude is +ZVV and +X Nadir. The shuttle docks with PMA2 
on the forward CBM of Nodel with the Shuttle nose in Station nadir direction and into 
the velocity vector. 

The SRMS removes Z1 truss from payload bay and attaches it to the Node 1 zenith 
CBM (active CBM). The SRMS removes the High Pressure gas tanks from the Spacelab 
Pallet (SLP) and atta hes the tanks to the port and starboard faces of the aft bus stinger 
(Note: this will be done for both sets of tanks, requiring two days of operations and 
installation.) 

System Resource/Functionalitv 
Stage 2 functionality, plus: 

• CMGs (inactive) 

• Ku-band Communications (inactive) 

• PMA3 docking capability 


U.S. Oj/N 2 Source Available 

Resources Available: Power: 

3200 W 

(Bus-1) 

Thermal: 

EVA: 

36 crew-hours 


Resources Required: Power: 

12 29 W 

(U.S. Housekeeping) 


16 00 W 

(Bus-1 Housekeeping) 

Thermal: 

TBD 


EVA: 

27:50 crew-hours 
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Table 5.3.3-1 Stage 3 • Flight 3A Shuttle Flight Manifest 


Hardware 

Mass Obs) 

FSE 

Z1 truss 

8379 


CMGs 

4190 


Ku-band Antenna 

550 


Spacelab Pallet - A 


1531 

EVAS 

885 

880 

High Pressure N2 tank 

TBD 


High Pressure 02 tank 

TBD 


:SSP8t# subtotal \ 


2411 


ShuttlePerformance 


ilMassflbsl 

Capability to 220 n.mi.i at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


1600 

Variable Integrated Hardware 


-1704 

APCU-I 

714 


Additional Attach Hardware 

990 



1704 


Variable Shuttle Consumables 


•3496 

Food and Gear (-551bs/day over 6) 

165 


Sth & 6th N2 tank 

256 


5th Cryo tank & Fluid 

1575 


OMS 

1500 



3496 


Middeck Lockers 


-390 

Generic Integrated Hardware 


-5474 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER (2) 

200 


Misc integration hardware 

118 


Attach Hardware 

990 



5474 


Weight Growth Reserve 


-1350 

Total Shuttle Lift Capability 


" \ Y. 26871 



1 Mission Flteht Margin 


10457 1 
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5.3.4 Stage 3, Flight 3A Performance Characteristics 

Stage 3, Flight 3A is menially oriented with the body x-axis in die plane of the orbit 
perpendicular to the sun line, and a roll angle attitude about the body x-axis equal to the 
solar beta angle in order to obtain full power from the body fixed PV array. Flight 3 is 
launched to an altitude of about 204 n.mi., the exact value depending on the decay rate and 
atmospheric density conditions for Stage 2. Nominal launch date is June, 1998. 

Stage 3 is not intended to provide microgravity science. 

Table 5.3.4- 1 summarizes the lifetime characteristics of Stage 3 assuming +2o atmosphere 
conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 42.8 lbs/ft 2 . 
No reboost was performed for this stage as it is required to decay to 190 nmi. in order to 
rendezvous with Stage 4. For this stage there is sufficient propellant reserve on board the 
station to meet the skip cycle contingency reboost requirement. 


Table 5.3.4-1 Lifetime Characteristics 


(n.mi.) 

||| 


: Aft Bus Propellant 
Remaining After 

|§§ 

, "kebbost dbsil !> 

/ : ': : Ren4^cwisl:l 

Altitude-';.' 

(davs) 

204 

N/A 

N/A 

11.600 

N/A 

160 


In a +2o atmospheric density environment, the minimum control yaw attitude varies 
between ±4 degrees depending on the solar beta angle. The roll attitude is equal to the solar 
beta angle, and the pitch attitude is such that the PV array is pointing to the sun. This 
results in a ballistic coefficient which varies from 200 to 218 Kg/nrdepending on die day 
of year and orbit ascending node. No microgravity experimentation is planned for Stage 
3A. 

Table 5.3.4-2 summarizes the control characteristics of Stage 3 in a design atmosphere 
environment. Since the configuration is held in a nearly inertial attitude, an accumulation of 
angular momentum will occur, which will require periodic jet desaturation approximately 
once a day. 


Table 5.3.4-2 Control Characteristics Summary 


SoIarBeta Angle 

•y^Attitii#:-'y:;;: 

Yaw 

Deviation f 



0.0 degrees 
75.0 decrees 

•1.5 degrees 
-3.8 decrees 

< ± 0.1 degrees 

< ± 0.1 decrees 

33 N-m-s/orbit 
220 N-m-s/orbit 

0.06 Kg/day 
1.23 Kc/dav 


5.3.5 Issues and Concerns 
Solar inertial flight mode as in Stage 2. 

Development of high pressure gas carriers and associated interfaces. 
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5.4 Stage 4 Flight Characterization 


5.4.1 Stage 4 - Flight 4A Shuttle Flight Manifest 

The Shuttle delivers the P6 segment. Table 5.4.1-1 lists the Shuttle Flight Manifest for 
Stage 4 - Flight 4A. The total mass of the station hardware to orbit is 32956 lbs. The 
second section of table 5.4.1-1 shows the Shuttle Performance and hardware/ 
consumables required for the mission resulting in the net Shuttle Lift Capability of 34075 
lbs to 190 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE subtotals 
from this amount yields a mission flight margin of 1119 lbs. 

5.4.2 Stage 4 Configuration 

Figure 5. 4.2-1 displays the isometric view of Stage 4 after the Shuttle departs and the 
scheduled assembly is completed. Figure S.4.2-2 shows the front, side, top and isometric 
views of Stage 4 with the Shuttle attached. 

5.4.3 Flight 4A Assembly Operations Description 

Rendezvous of the Shuttle with Stage 3 occurs along +R bar at an altitude of 190 n.mi. 
Station rendezvous attitude is -XVV and +Z Nadir. The Shuttle docks to PMA3 on the 
nadir CBM of Nodel with the Shuttle nose in the -X direction (+V bar). 

Flight 4A is scheduled to be an 8 day mission with 2 EVAs. Prior to installing the P6 
ITS on Zl, the S-band antenna is attached to the P6 IEA (Note: the S-band RF group is 
relocated to PI ITS on Flight 1 S/A). The SRMS grapples an FRGF on the P6 truss, 
removes the segment from the Shuttle payload bay, and installs it on the zenith face of 
the Zl truss. The P6 radiator and PV arrays are deployed and activated utilizing both 
EVA and IVA operations. The temporary EEATCS radiators are not deployed. 

At the conclusion of this flight, the equipment located on the Zl truss segment is 
receiving power from the P6 power module. Following separation, Stage 4 flight mode 
is LVLH with the Bus- 1/Node section aligned along the velocity vector. 
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System Rcsoureo/Funt:pnp;dhy 
Stage 3 functionality, plus: 

• Active P6 PV module (In temporary location on Z1 Zenith) 

• Active S-band (low data rate) 

• 2 P6 EEATCS PFCS checked out 

• 2 Temporary Thermal Radiators on P6 (Not deployed and activated until 
flight 5A) 


Resources A vailable: Power: 

1200W (Bus- 1) 

3600 W ( P6 Power Module ) * 

Thermal: 

TBD 

EVA: 

24 crew-hours 

Resources Required: Power: 

888 W (U.S. Housekeeping ) 

1 600 W ( Bus-1 Housekeeping ) 

Thermal: 

TBD 

EVA: 

20:20 crew-hours 


* Assumes worst case solar geometry (i.e., 75 deg. beta angle) 




Table 5,4.3- 1 Stage 4 - Flight 4A Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

I'Sli 

P6 structure 

9702 


BG DEPLOYED 

1338 


1EA RADIATOR DEPLOY 

1486 


P6 PV SPACER 

6615 


IEA BATTERIES (4 Battery sets) 

4968 


POA PV Array 

264o 


FOFPV Array 

2646 


S4 IEA Radiator Assembly 

1824 


S6 IEA Radiator Assembly 

1474 


S-band 

256 


subtotal 

32956 

0 


Shuttle Performance 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per Km) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 


24685 

13000 

3000 

1300 

-893 


APCU-I 
Misc. hardware 

Variable Shuttle Consumables 
Food & Gear (-55 Ibs/day over 6) 
5th N2 tank 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER (2) 

Misc integration hardware 
Attach Hardware 


714 

179 

893 

110 

128 

238 


3000 

866 

300 

200 

118 

990 

5474 


-238 


-305 

-5474 


Weight Growth Reserve 


-1000 


Total Shuttle Lift Capability 


34075 


Mission Flight Margin 


1119 I 


1-3 


&8Bfeflr' 






5.4.4 Stage 4, Flight 4A Performance Characteristics 

Stage 4, Flight 4A is assembled at a 190 nautical mile altitude in an LVLH flight mode with 
the bus-to-node section aligned along the velocity vector, and 2 feathered PV arrays 
perpendicular to the orbit plane. The nominal launch date is September, 1998. 

Stage 4 is not intended to provide microgravity science. 

Table 5.4.4-2 summarizes the reboost lifetime characteristics of Stage 4 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
37.9 lbs/ft 2 . The reboost was performed using the aft bus, which currently has a reboost 
efficiency of 86.7%. For this stage there is sufficient propellant reserve on board the 
station to meet the skip cycle contingency reboost requirement. This stage violates the 90 
day decay to 150 n.mi. lifetime requirement. 


Table S.4.4-2 Reboost Lifetime Characteristics 


llRiileiiiill 


§j . Rebobst-^f 
H .PrepellaniMI 
(Ibs-j Ilf 

; : Aft Bus Propellant 

Reboost* : 
111 (lt».) * 

|AJZ#tb : Bus f§| 
"K ;:>;propellant 
|R|||hihgAi|e|| 
i iReboost (IbS^i# 

Altitude 

(days) 

190 

216 

1.338 

10.262 

N/A 

80 


The control characteristics of Stage 4 .;nder design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.4.4- 1. The CMGs were 
augmented with a 5000 N-m-s momentum wheel. Table 5.4.4-2 summarizes the control 
characteristics depicted in the plots. 


Table 5.4.4-2 Control Characteristics Summary 


mm 


Pitch 

Attitude . 

mm> a ■ 


f • Peak? ; : : 

-2.0 degrees 

-44.4 degrees 

2.1 degrees 

± 2.3 degrees 

225 N-m-s 


5.4.5 Issues and Concerns 

This stage violates the 90 day to 150 n.mi. altitude lifetime requirement. An increase in 
rendezvous altitude could alleviate the problem but additional Shuttle lift capability would 
be required. 

This stage has a pitch flight attitude that exceeds ±15 degrees (without an attached Shuttle). 
The large pitch attitude results from a combination of inertia properties that are nearly 
identical in all axes and large pitch aerodynamic torques resulting from the P6 solar power 
unit. Significant configuration changes would be required to eliminate this problem. 
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Figure 5.4.4- 1 Stage 4 control plots without Shuttle attached. 



5.5 Stage 5 Flight Characterization 

5.5.1 Stage 5 * Flight 5A Shuttle Flight Manifest 

The Shuttle delivers the U.S. Lab. Table 5.5. 1-1 lists the Shuttle Flight Manifest for 
Stage 5 - Flight 5 A. The total mass of the station hardware to orbit is 29765 lbs. The 
second section of table 5.5. 1-1 shows the Shuttle Performance and 
hardware/consumables required for the mission resulting in the net Shuttle Lift 
Capability of 30218 lbs to 205 n.mi. at an inclination of 51.6°. Subtracting the hardware 
and FSE subtotals from this amount gives a mission flight margin of 453 lbs. 

5.5.2 Stage 5 Configuration 

Figure 5. 5. 2-1 displays the isometric view of Stage 5 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.5.2-2 shows the front, side, top and isometric 
views of Stage 5 with the Shuttle attached. 

5.5.3 Flight 5A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 4 occurs along +R bar at an altitude of 205 
n.mi. Station rendezvous attitude is -XW and +Z Nadir. The Shuttle docks to PMA3 
on the nadir CBM of Node 1 with the Shuttle nose in the -X direction. 

Assembly Flight 5A is a nine day mission with 3 EVAs. Following the disconnection of 
the PMA2-to-Nodel umbilicals, the SRMS relocates PMA2 from Nodel forward to the 
Z1 truss CBM. The SRMS then removes the US Lab from the Shuttle payload bay and, 
after flipping the Lab end over end, berths the element to the Node 1 forward CBM. The 
EEATCS radiators located on ITS P6 are deployed and, along with the CMGs, activated. 
PMA2 is disconnected from the Z1 CBM and relocated to the Lab forward port. 

Following separation, Stage 5 flight mode is LVLH with the Bus- 1/Node section aligned 
along the velocity vector. 
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Stage 4 functionality, plus: 


• Lab Core Systems Active in the following racks: 

• U.S. Lab Cabin Air / Moderate Temperature Thermal Control System 

■ rack 

• U.S. Lab Cabin Air / Low Temperature TCS rack 

• U.S. Lab Avionics #1 rack 

• U. S. Lab Avionics #2 / Condensate Water Storage rack 

• PMA2 relocated to Lab forward CBM (provides docking ability on following 
flight) 

• Active P6 mounted EATCS 

• Station CMGs providing attitude control 

V,; Resources Available: Power: 15,800 W 

Thermal: TBD 

° * ' EVA: 36 crew-hours 

Resources Required: Power: 5,716 W (U.S. Housekeeping, including 

400 W to Bus from station on this 
and all subsequent flights) 

TBD W (Payload) 

Thermal: TBDW 

V 1 ’ EVA: 31:00 crew-hours 



Hardware f 

Lab 


LAF3 - 

Avionics Rack 

LAC6 - 

Avionics/CWS Rack 

LAP6- 

CA/LT TCS Rack 

LAS6 - 

CA/MT TCS Rack 


Muss (Ihs 


25860 

998 

1056 

921 

930 


subtotal 


Shuttle Performance 


Mass (lbs 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
APCU-I 

Variable Shuttle Consumables 
Food & Gear (-55 lbs/day over 6) 

5th, 6th & 7th N2 tanks 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER (2) 

Misc integration hardware 
Attach Hardware 

Weight Growth Reserve 


Total Shuttle Lift Canabilit 


30218 


Mission Flieht Margin 

















Figure 5.5.2-1 Stage 5 Configuration 




re5.5.2-2 Stage 5 





5.5.4 Stage 5, Flight 5 A Performance Characteristics 

Stage 5, Flight 5A is assembled at a 205 n.mi. altitude in an LVLH flight mode with the 
bus-to-node section aligned along the velocity vector, and 2 single axis articulating PV 
arrays perpendicular to the orbit plane. The nominal launch date is November, 1998. 

Stage 5 is not intended to provide microgravity science. 

Table 5.5.4- 1 summarizes the reboost lifetime characteristics of Stage 5 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
10.0 lbs/ft 2 . The reboost was performed using the aft bus, which has a reboost efficiency 
of 96.5%. For this stage there is sufficient propellant reserve on board the station to meet 
the skip cycle contingency reboost requirement. This stage violates the 90 day decay to 
150 n.mi. lifetime requirement. 


Table 5.5.4-1 Reboost Lifetime Characteristics 


lilidliiilll 

mmsm 

■iiiiiii 

II1MM1I1 

'''■'ftopeilaiiftP 

lAft Bys JRippcaiant 
Remaining After 
|f'Y Reboost : f : 

^/iZeoithBus 11; 
^^ropeliant.' 

■^A^bbost (lbsiill 

Altitude • 

IIS • 

205 

230 

1,509 

8.753 

N/A 

38 


The control characteristics of Stage 5 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.5.4- 1. The CMGs were 
augmented with a 5000 N-m-s momentum wheel. Table 5.5.4-2 summarizes the control 
characteristics depicted in the plots. 


Table 5.5.4*2 Control Characteristics Summary 


1 


■ : 1. Altitude 1 "Xt 

%?■' • Roll 

''^3;Maxirh#i.' if*; 

•;-fi : Deviation ¥ 

l^meutuiii 1 

-0.1 deerees 

-54.1 deerees 

0.1 deerees 

± 3.8 deerees 

3600 N-m-s 


None of the PDR or CDR CMG control algorithms were able to maintain the attitude of the 
combined Stage 5/Shuttle configuration while managing the angular momentum build-up. 
This would suggest that a customized control algorithm might be required. 


5.5.5 Issues and Concerns 

This stage violates the 90 day to 150 n.mi. altitude lifetime requirement. 

This stage has a pitch flight attitude that exceeds ±15 degrees (without an attached Shuttle). 

The CMG control simulations for the mated stack all eventually went unstable. The 
currently existing control laws can probably be tuned to the unique inertia properties of the 
mated configuration to obtain a stable CMG control simulation. 
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There is a possibility of some indirect plume impingement of the aft P6 radiator from the aft 
bus attitude control thrusters. The potential of plume impingement could be lessened by 
utilizing a longer extender section (see Section 3.3). 













5.6 Stage 6 Flight Characterization 

5.6.1 Stage 6 - Flight 6A Shuttle Flight Manifest 

The STS delivers a MPLM with US Lab system racks. Table 5.6.1-1 lists the Shuttle Flight 
Manifest for Stage 6 - Flight 6 A. The total mass of the station hardware to orbit is 12852 lbs and 
FSE mass of 13126 lbs. The second section of table 5.6.1-1 shows the Shuttle Performance and 
hardware/consumables required for the mission resulting in the net Shuttle Lift Capability of 
26635 lbs to 215 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE subtotals 
from this amount gives a mission flight margin of 657 lbs. 

5.6.2 Stage 6 Configuration 

Figure 5.6.2-1 displays the isometric view of Stage 6 after the Shuttle departs and the scheduled 
assembly is completed. Figure 5.6.2*2 shows the front, side, top and isometric views of Stage 6 
with the Shuttle attached. 

5.6.3 Flight 6A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 5 occurs along +V bar at an altitude of 215 n.mi. 
Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 on the forward 
Lab CBM in a tail down orientation. 

Flight 6A is a 12 day mission with 3 EVAs. Installation of the Lab Cradle Assembly (LCA) on 
the Lab occurs during the first EVA. The SRMS relocates PMA3 from the Node 1 nadir port to 
the Node 1 port CBM. The SRMS removes the SSRMS/SLP from payload bay and installs it on 
the LCA. During EVA operations, the UHF antenna is installed on Lab nadir, and the SSRMS 
to Lab umbilicals are installed. The SSRMS is deployed, checked-out and powered to a keep- 
alive state. The SRMS unberths the MPLM from the Shuttle payload bay and attaches it to the 
Node 1 nadir port. Following mating of the MPLM-to-Node 1 utility lines, the MPLM is 
activated. Following transfer of the MPLM contents to the Lab, the MPLM and SLP are 
returned to the shuttle payload bay. 

Following separation, Stage 6 flight mode »s LVLH with the Bus-l/Node section aligned along 
the velocity vector. 



System Resourcc/Functionalitv 
Stage 5 functionality, plus: 

• Additional Lab racks delivered (7 racks) 

• U.S. Lab Avionics 3 Rack 

• U.S. Lab Fluid System Scrvicc/Stowage Rack 

• U.S. Lab Air Revitalization System Rack 

• U.S. Lab DDCU/Avionics Rack 

• MSS/Av/Lab MSS Consolc/Storage Rack 

• MSS/A v/Cupola MSS Console/S torage Rack 

• Temporary CHeCS Rack 

• One additional Stowage Rack delivered 

• UHF antennas on Lab are functional 

• SSRMS is operational 

• External Node 1 camera is functional 

• RF link 

• Ku-band system is checked out after shuttle departure 

• Payload racks activated and checked out after shuttle departure 


Resources Available: Power: 

15,800 W 

Thermal: 

14 kW 

EVA: 

36 crew-hours 

Resources Required: Power: 

7,334 W (U.S. Housekeeping) 

TBD W ( Payload ) 

409 W (CSA) 

Thermal: 

TBD W 

EVA: 

23:20 crew-hours 
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Table 5.6.3- 1 Stage 6 • Flight 6A Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE 

MPLM - 1 


10626 

LAll - Avionics 3 Rack 

1340 


LAI ; 5 - FSS/Sowagc Rack 

863 


LAF6 - ARS Rack 

1106 


LAI-'l - DDCU/Avionics Rack 

807 


LAPS - MSS/LAB Consolc/Storagc 

1310 


LAS5 - MSS/Cupola Consolc/Storagc 

1212 


TL.AF4 - Temp CHeCS 

086 


APM/US Storage Rack 1 

930 


Spacclab Pallet 2 


1850 

Module to Truss Common Attach Structure 

800 


UHF Antenna 

91 


SSRMS 

3308 

650 

. subtotal 

12852 

13126 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


500 

Additional Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


- 1704 

APCU-I 

714 


Additional Attach Hardware 

990 



1704 


Variable Shuttle Consumables 


-2417 

Food & Gear (-55 lbs/day over 6) 

330 


5th, 6th, 7th & 8th N2 tanks (@ 128 lbs/N2) 

512 


5th Cryo Tank & Fluid 

1575 



2417 


Middeck Lockers 


-305 

Generic Integrated Hardware 


- 5474 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER (2) 

200 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 

5474 

-1650 

Total Shuttle Lift Capability 


26635 


[ 


Mission Flight Margin 


657] 
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5.6.4 Stage 6, Flight 6A Performance Characteristics 


Stage 6, Flight 6A is assembled at a 215 n.mi. altitude in an LVLH flight mnHf» u/ith o 

PV “ y! Pe ' pendicular IO lhe <*“ P' aiK - The nominal launch date 


f r St fli l h ‘ lmend = d <° Pn>«de the science users with a microaravitv 

US* I environment as depicted in figure 5.6.4- 1. Table 5.6 4-nisuhe 

^ ieirt yP e » 80(1 the maximum steady state microgravity level sensed 

atm0Spherc ' FOr thiS ST" 


Table 5.6.4-1 Stage 6 US Lab Rack Steady State pg Level 
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■ iwicro-e 


LAS-1 

LAS-2 

LAS-3 

LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 


ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

ISPR 


3.5 
3.2 
2.9 

2.7 

2.4 

2.1 

4.0 

3.7 

3.4 

3.1 

2.8 

2.6 

3.5 

3.2 

2.9 
2.7 

2.4 
2.1 
3.0 
2.7 

2.5 

2.2 

1.9 
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Figure 5.6.4- 1 Stage 6 steady-state microgravity environment contours. 
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Tabic 5.6.4-2 summarizes the reboost lifetime characteristics of Stage 6 assuming +2o 
foT fe e S^SSi “ early i olar cycle CJuiy 1995 start), and a ballistic coefficfent of 
Of qr Sr pPS? Qboost * as P. erf0 ™} ed using the aft bus, which has a reboost efficiency 
of 98.5%. Foi this stage there is sufficient propellant reserve on board the station to meet 

fsnS-Tf e . COntinge . ncy reboost ^uirement. This stage violates the 90 day deca^ 
150 n.mi. lifetime requirement. 3 3 


Table 5.6.4*2 Reboost Lifetime Characteristics 
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Table 5.6.4-3 Control Characteristics Summary 
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•IliMIII 
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K* ■ Rafcfc 

Deviation 

1115 

no STS 
w/STS 

0.0 degrees 
1.0 decrees 
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± 0.4 decrees 
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SLXpnt °l S ,? gC , 6 te “f htd ? hu ! Ue > un dcr design atmosphere conditions 
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5.6.5 Issues and Concerns 

This stage violates the 90 day to 150 n.mi. altitude lifetime requirement. 

ShutU«of C haS a PhCh flight attitUde exceeds ±15 degrees (with md ^thout an attached 


There is a possibility of some indirect plume 
bus attitude control thrusters. 


impingement of the aft P6 radiator from the aft 


Smd??eiteroTmK f g0 ^., ^gravity environment. The combination of flight 

j ’ © of mass and low ballistic coefficient yields greater than one micro-G of 

sensed acceleration in most of the US lab racks. micro-u ot 













ENVIRONMENTAL TORQUES EULER ANGLES 



(03a)3i0NVU3ina 



(03S/03Q) 31 Vd dVinDNV 



5.6-9 


Figure 5.6.4-2 Stage 6 control plots without Shuttle attached. 
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Figure 5.6.4-3 Stage 6 control plots with Shuttle attached. 




5.7 Stage 7 Flight Characterization 


5.7.1 Stage 7 - Flight UF-1 Shuttle Flight Manifest 

The first Utilization flight launches the Mini Pressurized Logistics Module (MPLM) outfitted 
with 13 International Standard Payload Racks (ISPRs). Table 5.7.1-1 lists the Shuttle Flight 
Manifest for Stage 7 - Flight UF-1. The total mass of the station hardware to orbit is 15122 lbs 
and FSE mass of 10705 lbs. The second section of table 5.7. 1-1 shows the Orbiicr Performance 
and hardware/consumablcs required for the mission resulting in the net Orbitcr Lift Capability of 
26964 lbs to 215 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE subtotals 
from this amount gives a mission flight margin of 1259 lbs. 

5.7.2 Stage 7 Configuration 

Figure 5.7.2- 1 displays the isometric view of Stage 7 after the Shuttle departs and the scheduled 
assembly is completed. Figure 5 . 1 . 2-2 shows the front, side, top and isometric views of Stage 7 
with the Shuttle attached. 

5.7.3 Flight UF-1 Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 6 occurs along +V bar at an altitude of 215 n.mi. 
Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 on the forward 
Lab CBM in a tail down orientation. 

Flight UF-1 is a 12 day mission with 0 EVAs. The SRMS removes the MPLM from the Shuttle 
payload bay and attaches it to the Node 1 nadir port. The Lab is outfitted with 7 science payload 
racks carried onboard the MPLM. Thirteen ISPRs are offloaded to complete US Lab outfitting. 
The US Stowage Rack 3 returns in the MPLM for reflight on UF-2. Upon transfer of the 
equipment out of and into the MPLM, the SRMS reinstalls the MPLM into the shuttle payload 
bay. 

Following separation, Stage 7 flight mode is LVLH with the Bus- 1/Node section aligned along 
the velocity vector. 
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System Rcsouree/Funetiomiliiy 
Stage 6 functionality, plus: 

• Lab ISPR outfitting complete 

• TBD days of payload utilization 


Resources Available: Power: 15,800 W 

Thermal: TBD 

EVA: 0 crew-hours 

Resources Required: Power 7,334 W 

TBDW 

409 W 

Thermal: TBD W 

EVA: 0 crew-hours 


(U.S. Housekeeping) 
(Payload) 

(CSA) 


Table 5.7.3- 1 Stage 7 - Flight UF1 Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE ! 

MPI.M-2 

ISPRs (13) - US1, outriding 

15000 

10705 

subtotal 

15000 

10705 


Orblter Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


10(H) 

Additional Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


-1324 

APCU-I 

714 


ROPE 

450 


Misc. Hardware 

160 



1324 


V ariable Shuttle Consumables 


-3033 

Additional Crew (500 Ibs/crew) 

1000 


Food & Gear (-55 lbs/day over 6) 

330 


5th N2 tanks (@ 128 lbs/N2) 

128 


5th Cryo Tank & Fluid 

1575 



3033 


Middeck Lockers 


-160 

Generic Integrated Hardware 


-5474 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER (2) 

200 


Misc integration hardware 

118 


Attach Hardware 

990 



5474 


Weight Growth Reserve 


-1090 

Maintenance Reserve 


-640 

Total Orblter Lift Capability 


26964 


[ 


Mission Flight Margin 


1259 | 
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5.7.4 Stage 7, Flight UF-1 Performance Characteristics 




Stage 7, Flight UF-1 is assembled at a 215 n.mi. altitude in an LVLH flight mode with 2 
single axis articulating PV arrays perpendicular to the orbit plane. The nominal launch date 
is February, 1999. 

The Stage 7 microgravity environment is depicted in figure 5.7.4- 1. In a +2o atmosphere 
(solar flux = 238.8, geomagnetic index = 19.3) this stage has a flight attitude of yaw = 0, 
pitch * -30.5, and roll = 0. Table 5.7.4- 1 lists the U.S. Laboratory racks, their type, and 
the maximum steady state microgravity level sensed during the orbit in the given +2a 
atmosphere. For this configuration there are no ISPR racks in the 1 |ig environment. 

Table 5.7.4-1 Stage 7 US Lab Rack Steady State fig Level 


LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 

LAC-6 









4 Micro-G 




Figure 5.7.4- 1 Stage 7 steady-state microgravity environment contours. 
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Table 5. 7.4-2 summarizes the reboost lifetime characteristics of Stage 7 assuming +2o 
c ~? diti< ? ns ’ an early solar cycle (July 1995 start), and a ballistic coefficient of 
nrnfp The reboost was performed using the aft bus, which has a reboost efficiency 
ot 100%. For this stage there is sufficient propellant reserve on board the station to meet 
me skip cycle contingency reboost requirement. This stage violates the 90 day decay to 
150 n.mi. lifetime requirement. 


Table 5.7.4-2 Reboost Lifetime Characteristics 


SiRSBl! 

Altitude., 

(rumi) 

HHHHHi 

. jRehpqSt::.:; •• 

AftBusi^jxdlanf 

fRenialnltig-^lsr^ 

IJ: Zenith Bus ^ 

I: ;..ptp^liaht; ill 

i^l^iliiigAfler 1 
i%etic©si : (tbs^ 

. ' l^ezvqos.§f 
li 'Alfitudcl© 

rnrnmmm. 

215 

236 

1.416 

5.976 

N/A 



The control characteristics of Stage 7 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.7.4-2. The CMGs were 
augmented with a 10,000 N-m-s momentum wheel. Table 5.7.4-3 summarizes the control 
characteristics depicted in the plots. 


Table 5.7.4-3 Control Characteristics Summary 



gf: : Attii*iaeiil 

Wfflmm Ml 

!!!§ Attitude II 

SIMMS 

^ Roll 

§§ 

Ill 'De^adoii-i®;! 


no STS 

0.0 decrees 

-36.6 decrees 

0.0 decrees 

± 3.5 decrees 

2800 N-m-s 

w/STS 

1.2 decrees 

-32.2 decrees 

0.2 degrees 

± 0.3 decrees 

3500 N-m-s 


The controlcharacteristics of Stage 7 (attached Shuttle) under design atmosphere conditions 
using the PDR nominal controller (attitude emphasis) are displayed in figure 5.7.4-3. No 

momentum wheels were required. Table 5.7 .4-3 summarizes the control characteristics 
depicted in the plots. 


5.7.5 Issues and Concerns 

This stage violates the 90 day to 150 n.mi. altitude lifetime requirement. 

ShiftticO* 6 ^ aS 8 attitude that exceeds ±15 degrees (with and without an attached 

pere is a possibility of some indirect plume impingement of the aft P6 radiator from the aft 
bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 
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Figure 5Z7.4-2 Stage 7 control plots without Shuttle attached. 














5.8 Stage 8 Flight Characterization 


5.8.1 Stage 8 - Flight 7A Shuttle Flight Manifest 

The Shuttle delivers the airlock and its high pressure gas tanks. Table 5.8. 1-1 lists the Shuttle 
Flight Manifest for Stage 8 - Flight 7A. The total mass of the station hardware to orbit is 21609 
lbs and FSE mass of 4261 lbs. The second section of the table shows the Shuttle Performance 
and hardware/consumables required for the mission resulting in the net Shuttle Lift Capability of 
29298 lbs to 215 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE subtotals 
from this amount yields a mission flight margin of 3428 lbs. 

5.8.2 Stage 8 Configuration 

Figure 5.8.2- 1 displays the isometric view of Stage 8 after the Shuttle departs and the scheduled 
assembly is completed. Figure 5.8.2-2 shows the front, side, top and isometric views of Stage 8 
with the Shuttle attached. 

5.8.3 Flight 7A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 7 occurs along +V bar at an altitude of 215 n.mi. 
Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 on the forward 
Lab CBM in a tail down orientation. 

Assembly Flight 7 A is a 9 day mission with 2 EVAs. The SSRMS unberths the Airlock from 
the Shuttle payload bay and installs it on the Node 1 stbd port. The Airlock is then entered for 
completing the activation of the element and transferring the EMUs. The high pressure gas 
containers (2 each 02 and N2) located on the Unpressurized Logistics Carrier (ULC) are 
subsequently attached to the Airlock via combined EVA/EVR operations (Note: this requires 
two days of EVA). 

Following separation, Stage 8 flight mode is LVLH with the Bus- 1/Node section aligned along 
the velocity vector. 


System Resource/Functionalitv 
Stage 7 functionality, plus: 


• Station based EVA capability 


Resources Available: Power: 

15,800 W 


Thermal: 

TBD 


EVA: 

24 crew-hours 


Resources Required: Power: 

8,051 W 

(U.S. Housekeeping) 


TBDW 

( Payload) 


4 09 W 

(CSA) 

Thermal: 

TBDW 


EVA: 

21:20 crew-hours 
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Table 5.8. 1-1 Stage 8 - Flight 7A Shuttle Flight Manifest 


Hardware 


Mass (lbs) 


. ” ' 

*’V> ri* ’ 


Airlock 

Spacclab Pallets (SL-1 and SL-3) 
HP gas (02 and N2) 


Shuttle Performance 


subtotal 


18081 

3061 

3528 

1200 

21609 

4261 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
Misc. hardware 
Additional Attach Hardware 


Mass (lbs 


24685 

13000 

500 

0 

-1290 


Variable Shuttle Consumables 
Food & Gear (-55 lbs/day over 6) 
5th N2 tanks (@128 lbs/N2) 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4tli Cryo Tank Fluids 
3rd EMU 
SAFER (2) 

Misc integration hardware 
Attach Hardware 


Weight Growth Reserve 
Maintenance Reserve 


Total Shuttle Lift Capabillt 


Mission Flight Margin 


29298 












5.8.4 Stage 8, Flight 7 A Performance Characteristics 

Stage 8, Flight 7A is assembled at a 215 n.mi. altitude in an LVLH flight mode with 2 
single axis articulating PV arrays perpendicular to the orbit plane. The nominal launch date 
is April, 1999. 

The Stage 8 microgravity environment is depicted in figure 5.8.4-1. In a +2o atmosphere 
(solar flux = 245.2, geomagnetic index = 19.0) this stage has a flight attitude of yaw = 0, 
pitch = -38.7, and roll = 0. Table 5.8.4- 1 lists the U.S. Laboratory racks, their type, and 
the maximum steady state microgravity level sensed during the orbit in the given +2o 
atmosphere. For this configuration there are no ISPR racks in the 1 pg environment. 


Table 5.8.4-1 Stage 8 US Lab Rack Steady State pg Level 


I ! ' Rack 11 II 


micros 

LAS-1 

ISPR 

3.2 

LAS-2 

ISPR 

2.9 

LAS-3 

ISPR 

2.6 

LAS-4 

ISPR 

2.3 

LAS-5 

SYS 

2.1 

LAS-6 

SYS 

1.8 

LAF-1 

SYS 

3.6 

LAF-2 

SYS 

3.4 

LAF-3 

SYS 

3.1 

LAF-4 

SYS 

2.8 

LAF-5 

SYS 

2.5 

LAF-6 

SYS 

2.2 

LAP-1 

ISPR 

3.2 

LAP-2 

ISPR 

2.9 

LAP-3 

ISPR 

2.6 

LAP-4 

ISPR 

2.3 

LAP-5 

SYS 

2.1 

LAP-6 

SYS 

1.8 

LAC-1 

ISPR 

2.7 

LAC-2 

ISPR 

2.4 

LAC-3 

ISPR 

2.1 

LAC-4 

ISPR 

1.9 

LAC-5 

ISPR 

1.6 

LAC-6 

SYS 

1.4 










Table 5.8.4-2 summarizes the reboost lifetime characteristics of Stage 8 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
12.9 lbs/ft 1 . The reboost was performed using the aft bus, which cunently has a reboost 
efficiency of 100%. For this stage there is sufficient propellant reserve on board the station 
to meet the skip cycle contingency reboost requirement. This stage violates the 90 day 
decay to 150 n.mi. lifetime requirement. 


Table 5.8.4-2 Reboost Lifetime Characteristics 


ain iii 

(n.mi.) 

l§! 

c 0 « 

IliRcboost 
f pllpeUant::/: 
(lbs.) 

After 

t§|< 

lllllllliiililili 

| Remaining After 

! -'sR^bobst ( : 

yfetimeat 
Altitude 14 

215 

235 

1.521 

4,455 

N/A 

65 


The control characteristics of flight 7 A under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.8.4-2. The CMGs were 
augmented with a 10,000 N-m-s momentum wheel. Table 5.8.4-3 summarizes the control 
characteristics depicted in the plots. 


Table 5.8.4-3 Control Characteristics Summary 


•> 

MMUMil 

SMi W«b ... 

llllliillllll 


Momentum 

no STS 

0.0 decrees 

-43.7 degrees 

0.0 degrees 

± 3.1 degrees 

3300 N-m-s 

w/STS 

1.4 degrees 

-32.5 degrees 

0.6 degrees 

± 0.3 degrees 

4500 N-m-s 




The control characteristics of Stage 8 (attached Shuttle) under design atmosphere conditions 
using the PDR nominal controller (attitude emphasis) are displayed in figure 5.8.4-3. No 
momentum wheels were required. Table 5.8.4-3 summarizes the control characteristics 
depicted in the plots. 


5.8.5 Issues and Concerns 

This stage violates the 90 day to 150 n.mi. altitude lifetime requirement. 

This stage has a pitch flight attitude that exceeds ±15 degrees (with and without an attached 
Shuttle). 

There is a possibility of some indirect plume impingement of the aft P6 radiator from the aft 
bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 
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Figure 5.8.4-2 Stage 8 control plots without Shuttle attached. 





















5.9 Stage 9 Flight Characterization 


5.9.1 Stage 9 - Flight 8A Shuttle Flight Manifest 

The Shuttle delivers the SO segment. Table 5.9. 1-1 lists the Shuttle Flight Manifest for 
Stage 9 - Flight 8A. The total mass of the station hardware to orbit is 30205 lbs. 

The second section of the table shows the Shuttle Performance and hardware/ 
consumables required for the mission resulting in the net Shuttle Lift Capability of 30790 
lbs to 215 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE subtotals 
from this amount gives a mission flight margin of 585 lbs. 

5.9.2 Stage 9 Configuration 

Figure 5.9.2- 1 displays the isometric view of Stage 9 after the Shuttle departs and the 
scheduled assembly is completed. Figure S.9.2-2 shows the front, side, top and isometric 
views of Stage 9 with the Shuttle attached. 

5.9.3 Flight 8A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 8 occurs along +V bar at an altitude of 215 
n.m. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the forward Lab CBM in a tail down orientation. 

Flight 8A is a 7 day mission with 2 EVAs. The SRMS removes the SO ITS from the 
payload bay and hands it over to the SSRMS, based on the Lab PDGF. The SSRMS 
attaches the SO ITS to the Lab cradle assembly (LCA) and the forward and aft SO MTS 
struts are installed on the Lab. During EVA operations, umbilicals are connected, and 
preparations for activating the Mobile Transporter (MT) are begun. Several pieces of 
equipment (i.e., EV-CPS, PWP, airlock spur, etc.) are left in the stowed configuration on 
the SO ITS for installation on the next assembly flight. 

Following separation. Stage 9 flight mode is LVLH with the Bus- 1/Node section aligned 
along the velocity vector. 






System Resource/Functinpflliiy || 

Stage 8 functionality, plus: Jj 

• Delivers and installs SO using the Lab Cradle Assembly | 

• SO MBSUs and DDCUs connected but inoperative I 

• Attitude and attitude rate determination provided by station and Bus-1 


Resources Available: 

Power: 

15,800 W 



Thermal: 

TBD 



EVA: 

24 crew-hours 

Resources Required: 

Power: 

8,679 W 
TBD W 
4 09 W 

(U.S. Housekeeping) 
(Pavload) 

(CSA) 


Thermal: 

TBDW 


E'A: 

22:10 crew -hours 


i 


i 
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Table 5.9. 1-1 Stage 9 - Flight 8A Shuttle Flight M 

lanifest 

Hardware 

Mass (lbs) 

FSE 

SO Structure 

14774 


SO UTILITY TRAYS 

4410 


SO AVIONICS 

718 


so dix:u 

625 


MBSU 

1582 


HAB UMBILICALS 

371 


NODE UMBILICALS 

1956 


LAB UMBILICALS 

586 


MT UMBILICAL SPOOLS 

908 


MODULE-TRUSS BARS 

1104 


GPS ANTENNA 

53 


PLASMA CONT & SUPP 

692 


PWP-A 

216 


PWP-B 

216 


CETA SPUR 

85 


EVA LIGHTS 

168 


Mobile Transporter 

1740 


subtotal 

30205 

0 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


500 

Additional Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


-238 

Misc. hardware 

238 



238 


Variable Shuttle Consumables 


-183 

Food & Gear (-55 lbs/day over 6) 

55 


5th N2 tanks (@128 lbs/N2) 

128 



183 


Middeck Lockers 


-200 

Generic Integrated Hardware 


-5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

128 


Attach Hardware 

990 


Weight Growth Reserve 
Maintenance Reserve 

5374 

•1000 

-400 

Total Shuttle Lift Capability 




[ 


Mission Flight Margin 


585 1 
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re S.9.2-2 Stage 9 Configuration with Shuttle 






5.9.4 Stage 9, Flight 8A Performance Characteristics 

single akis&ufatSgTv “ } <VLH fli S h t mode with 2 

is June, 1999. ^ ^ rpendicular to the orbit plane. The nominal launch date 


Table 5.9.4-1 Stage 9 US Lab Rack Steady State pg Level 


in icri>*c 


LAS-1 

LAS-2 

LAS-3 

LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 

LAC-6 


ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 
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Figure 5.9.4- 1 Stage 9 steady-state microgravity environment contours. 
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Table 5.9.4-2 summarizes the reboost lifetime characteristics of Stage 9 assuming +2o 
annosphcre conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
14.4 lbs/fr. The reboost was performed using the aft bus, which currently has a reboost 
efficiency of 100%. For this stage there is insufficient propellant reserve on board the 
station to mee' the skip cycle contingency reboost requirement. This stage violates the 90 
day decay to 150 n.mi. lifetime requirement. 


Table 5.9.4-2 Reboost Lifetime Characteristics 


||| Attitude 

iiiSllllllliiPl 

’•v. Rehoost 

^ 

(luni.) 

.. Reboost 

3|:V(lb^^ 

. .. Rehoost • 

mm&ffim in 

-Zenith Bus 

Hi Mpdlaht;;-.'-;: 

^Remaining After 

Altitude 

215 

230 

1.372 

3.084 

N/A 

83 


The control characteristics of Stage 9 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.9.4-2. The CMGs were 
augmented with a 4000 N-m-s momentum wheel. Table 5.9.4-3 summarizes the control 
characteristics depicted in the plots. 


Table 5.9.4-3 Control Characteristics Summary 


yWHH 

::: : v‘:\ 


: ;l?Attitede»j : i' 


r-Vvi: PeaJtL- 

no STS 

C.O decrees 

-35.5 decrees 

0.0 deerees 

± 3.5 deerees 

4300 N-m-s 

w/STS 

1.4 deerees 

•32.4 deerees 

-0.6 deerees 

± 0.2 deerees 

4700 N-m-s 


The controlcharactenstics of Stage 9 (attached Shuttle) under design atmosphere conditions 
using the PDR nominal controller (attitude emphasis) are displayed in figure 5.9.4-3. No 

momentum wheels were required. Table 5.9.4-3 summarizes the control characteristics 
depicted in me plots. 


5.9.5 Issues and Concerns 

This stage violates the 90 day to 150 n.mi. altitude lifetime requirement. 

For this stage there is insufficient propellant reserve on the bus to meet the skip cycle 
contingency reboost requirement. Increases in assembly altitude (requiring additional 
shuttle lift performance), increased bus fuel capacity or manifesting a replacement bus 
sooner in the assembly sequence could resolve this issue. 

There is a possibility of some indirect plume impingement of the aft P6 radiator from the aft 
bus attitude control thrusters. 


TTiis stage has a pitch flight attitude that exceeds ±15 degrees (with and without an attached 
Shuttle). 


This stage does not provide a good microgravity environment. 
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Figure 5.9.4-3 Stage 9 control plots with Shuttle attached. 













5.10 Stage 10 Flight Characterization 


5.10.1 Stage 10 - Zenith Bus-1 Flight Shuttle Flight Manifest 

The Shuttle delivers the zenith Bus-1. Table 5.10.1-1 lists the Shuttle Flight Manifest for 
Stage 10 - Zenith Bus-1 Flight. The total mass of the station hardware to orbit is 28256 
lbs. The second section of the table shows the Shuttle Performance and hardware/ 
consumables required for the mission resulting in the net Shuttle Lift Capability of 30464 
lbs to 215 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE subtotals 
from this amount gives a mission flight margin of 2208 lbs. 

5.10.2 Stage 10 Configuration 

Figure 5.10.2-1 displays the isometric view of Stage 10 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.10.2-2 shows the front, side, top and 
isometric views of Stage 10 with the Shuttle attached. 

5.10.3 Zenith Bus-1 Flight Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 9 occurs along +V bar at an altitude of 215 
n.mi. Station rendezvous attitude is +XW and +Z Nadir. The Shuttle docks to PMA2 
on the forward Lab CBM in a tail down orientation. 

The zenith Bus-1 flight is a 9 day mission with 3 EVAs. The SSRMS is positioned on 
the PDGF located at (0, -4.1,-2.108) meters on the SO ITS. The SRMS removes the 
zenith pre-integrated stinger and bus from the Shuttle payload bay and hands it over to 
the SSRMS. The SSRMS then installs the zenith Bus and stinger on the zenith face of the 
P6 ITS, and EVA crew members connect the Bus-l-to-Zl umbilicals (See figure 5.10.3- 
1 for a graphical depiction of these operations). EVA/EVR operations involved 
removing the SO port and starboard keel pins/drag links, installing the Node 1 to SO 
umbilical tray and the airlock spur, and stowing the LCA umbilicals (EVA tasks 
remaning from the previous assembly flight). 

Following separation, Stage 10 flight mode is LVLH with the Nodel/Lab section aligned 
along the velocity vector. 

Figures 5.10.3-2 and 5.10.3-3 are included to demonstrate the feasibility of replacing the 
Bus-1 at either location, although it is anticipated that these tasks wiii not be required at 
this stage. Figure 5.10.3-2 is a graphical depiction of the following installation 
maneuvers required to replace the Bus-1 located aft of Node 1: 1) relocate the SSRMS 
on the aft stinger grapple fixture; 2) grapple the “spent” Bus-1 with the SSRMS and 
hand it to the SRMS; 3) using the SRMS, place the “spent” Bus-1 in the Shuttle payload 
bay, and grapple the replacement Bus-1; 4) hand-off the Bus-1 from the SRMS to the 
SSRMS; and, 5) install the replacement Bus-1 on the stinger. Figure 5.10.3-3 is a 
graphical depiction of the similar installation maneuvers required to replace the Bus-1 
located in the -Z location above the Z1 truss. 
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t! pft v.3.*T5Ait f\ .v 3V 


IUU J mAlMt U ..mat. 


- - -,.r, .. - . -MML 


System Rcsourcc/Funetinnalitv 

This flight delivers the second Bus-1 providing redundant systems capability with the 
first one. 


• MT powered from TUS 

• External radiation monitoring 


Resources Available: Power: 

15,800 W 


Thermal: 

TBD 


EVA: 

36 crew-hours 

Resources Required: Power: 

8,679 W 

( U.S . Housekeeping) 


TBD W 

(Pavload) 


4 09 W 

(CSA) 

Thermal: 

TBDW 


EVA: 

28:40 crew-hours 
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Table 5.10.1-1 Stage 10 - Zenith Bus-1 Flight Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE 

Hus-1 

zenith spacer truss 

25000 

3256 


subtotal 

28256 

0 


Shuttle Performance 


Mass Ohs) 

Capability to 220 n.nii. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


500 

Additional Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


-238 

Misc. hardware 

238 



238 


Variable Shuttle Consumables 


-549 

Food & Gear (-55 Ibs/day over 6) 

165 


5 tli, 6th & 7th N2 Tank (@ 128 Ibs/tank) 

384 



549 


Middeck Lockers 


•160 

Generic Integrated Hardware 


-5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

iOO 


Misc integration hardware 

118 


Attach Hardware 

990 



5374 


Weight Growth Reserve 


•1000 

Maintenance Reserve 


-400 

Total Shuttle Lift Capability 


30464 


1 Mission Flight Margin ' 22081 
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5.10.4 Stage 10, Zenith Bus Flight Performance Characteristics 

Stage 10 is assembled at a 215 n.mi. altitude in an LVLH flight mode with 2 single axis 
articulating PV arrays perpendicular to the orbit plane. The nominal launch date is August, 
1999. 

The Stage 10 steady state microgravity environment is depicted in figure 5.10.4-1. In a 
+2o atmosphere (solar flux = 245.7, geomagnetic index = 18.3) this stage has a flight 
attitude of yaw = 0.6, pitch = 16.1, and roll = 2.1. Table 5.10.4-1 lists the U.S. 
Laboratory racks, their type, and the maximum steady state microgravity level sensed 
during the orbit in the given +2o atmosphere. This configuration contains 7 ISPR racks in 
the 1 jig environment. 


Table 5.10.4*1 Stage 10 US Lab Racks Steady State pg Level 


1 Rack 


MMMl 

■PJH 

ISPR 

1.0 


ISPR 

1.2 


ISPR 

1.3 

LAS-4 

ISPR 

1.4 

LAS-5 

SYS 

1.6 

LAS-6 

SYS 

1.7 

LAF-1 

SYS 

1.6 

LAF-2 

SYS 

1.7 

LAF-3 

SYS 

1.8 

LAF-4 

SYS 

2.0 

LAF-5 

SYS 

2.1 

LAF-6 

SYS 

2.2 

LAP-1 

ISPR 

1.0 

LAP-2 

ISPR 

1.1 

LAP-3 

ISPR 

1.3 

LAP-4 

ISPR 

1.4 

LAP-5 

SYS 

1.5 

LAP-6 

SYS 

1.7 

LAC-1 

ISPR 

0.5 

LAC-2 

ISPR 

0.6 

LAC-3 

ISPR 

0.7 

LAC-4 

ISPR 

0.8 

LAC-5 

ISPR 

1.0 

LAC-6 

SYS 

1.1 
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Figure 5.10.4-1 Stage 10 steady-state microgravity environment contours, 
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Table 5.10.4-2 summarizes the reboost lifetime characteristics of Stage 10 assuming +2o 
Sfy^SS 00 ?? ition ?’ an solar c y° lc (July 1995 start), and a ballistic coefficient of 
. ^" e reboost was performed using the zenith bus, which currently has a 
rcboost efficiency of 100%, For this stage there is sufficient propellant reserve on board 
the station to meet the skip cycle contingency reboost requirement. This stage violates the 
90 day decay to 150 n.mi. lifetime requirement. 


Table 5.10.4-2 Reboost Lifetime Characteristics 


iliilii! 

v : -AttituifeT': 
(n.tnt.) 

|:^ : Reboost'|^ 

Altitude 

Jf?<n;nii)' " 


• ^tBusIVopellant 
| Remaining After 
Reboost 

. Zenidt 

: il 

Remaining After 
: : feRebobst: : fibs^il 

, Ufctiroeat :? 

. :Rende^^|| 

215 

232 

1.703 

3,084 

9.897 

80 


The control characteristics of Stage 10 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.10.4-2. No momentum 

wheel augmentation was utilized. Table 5.10.4-3 summarizes the control characteristics 
depicted in the plots. 


Table 5.10.4-3 Control Characteristics Summary 




MmMmwm 



BMfai 

KBHuki 


18.7 degrees 



wa«!.u.. T aiiv llrl M JBwBS 

KETfiffSKlM 


1.8 degrees 

-26.6 degrees 





TTie control characteristics of Stage 10 (attached Shuttle) under design atmosphere 
conditions usmg the PDR nominal controller (attitude emphasis) are displayed in figure 
D.lU.4-3. No momentum wheel augmentation was utilized. Table 5.10.4-3 summarizes 

the control characteristics depicted in the plots. 

During Shuttle mated assembly flights, periodic attitude maneuvers will be required to 

exce ^8 dermal toads on the Shuttle during certain solar geometry conditions. The 
from Stag^H) 1 ^ C t0 ^ us * n g the RCS thrusters from either bus starting 

Three sample mated configurations were selected for analysis : Stage 10, when the upper 
y !,Psh. 12A and I Stage 36/Fligh, 1«A. The CDR RCS attKT 
maneuver control algorithm was employed. A 180 degree yaw maneuver was performed. 

It should be noted that the total impulse per attitude control thruster is 134,000 lb f -sec. 

For Stage 10, a 0.1 degree/sec rate limit was utilized. The 180 degree yaw maneuver took 
approximately 1800 seconds (~l/3 orbit) for both the aft and zenith bus. There was about a 
16 degree overshoot in the yaw channel, and about 7 degree overshoot in pitch. 

^K XUna !f / 20 i bs< 0f fuel were rec i uirecl f °r the upper bus; 16 lb. for the aft bus. By 
and large, all four thrusters were used approximately equally. Using a lower rate limit 7 
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d°“tedS^ ? e ,“ p !" se ? ftf,etinK required » ™<* the 

aesirca attitude. Table 5.10.4-4 lists the fuel and total impulse requirements 


Table 5.10.4-4 Yaw Maneuver Fuel and Impulse Requirements 


• Bus 7 ', 

Uscd < lb > ^ 70131 Impulse (Ib.-sec) 

Total Fuel 

AM 


Nozzle #3 

tv Nozzle #4 

Nozzle #5 W 

Nozzle #6 


aft 1 

zenith 

3.9/1163 
5.4 / 1600 

3.1/903 
5.0/ 1462 

5.1 / 1495 
5.4 / 1599 

4.2 / 1228 
4.5 / 1332 

16.2 

20.3 


5.10.5 Issues and Concerns 

This stage violates the 90 day to 150 n.mi. altitude lifetime requirement. 

tadlrect PlUnB “^crecm Of the aft P6 radiator ftom the aft 

Shut**' ^ * P “ Ch fligh ‘ atdtude that “ ceeds ±1S desrees (with and without an ...tu-twt 

teSS ««^e“mfa SidC ° f S ° “ gmem wU1 required for installation of the zenith 
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Figure 5.10.4-2 Stage 10 control plots without Shuttle attached. 


















5.11 Stage 11 Flight Characterization 

5.1 1.1 Stage 11 - Flight UF-2 Shuttle Flight Manifest 

The Shuttle delivers the mobile base system (MBS) and the MPLM to exchange racks. 
Table 5.1 1.1-1 lists the Shuttle Flight Manifest for Stage 1 1 - Flight UF-2. The total mass 
of the station hardware to orbit is 5615 lbs (excluding the TBD racks which arc 
exchanged) and FSE mass of 10705 lbs. The second section of the table shows the 
Shuttle Performance and hardware/consumables required for the mission resulting in the 
net Shuttle Lift Capability of 25466 lbs to 215 n.mi. at an inclination of 51.6°. The flight 
mission margin is 9146 lbs, but does not include the TBD ISPR racks manifested in this 
flight. 

5.1 1.2 Stage 1 1 Configuration 

Figure 5. 1 1 .2-1 displays the isometric view of Stage 1 1 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.1 1.2-2 shows the front, side, top and 
isometric views of Stage 1 1 with the Shuttle attached. 

5.1 1 .3 Flight UF-2 Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 10 occurs along +V bar at an altitude of 215 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the forward Lab CBM in a tail down orientation. 

Flight UF-2 is a 12 day mission with 1 EVA. The SSRMS attaches the Mobile Base 
Servicer (MBS) to the MT on SO ITS. It is then deployed, activated, and checked out. 

The SSRMS removes the MPLM from the Shuttle payload bay and installs it on the 
Node 1 nadir port. After the racks are transferred and payload data samples are returned 
to the MPLM, it is returned to the Shuttle payload bay. Once the Nodel nadir port is 
clear, the SSRMS relocates PMA3 from the Node 1 port CBM to the Node 1 nadir port 
(Note: PM A3 will be the docking location during flight 10A). 

Following separation, Stage 1 1 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 
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Stage 10 functionality, plus: 

• MBS attached and activated 

• PM A3 repositioned from Node 1 Port to Node 1 Nadir port (not operational) 

Resources Available: Power: 15,800 W 

Thermal : TBD 

EVA: 12 crew-hours 

Resources Required: Power: 8,679 W (U.S. Housekeeping) 

TBD W ( Payload ) 

409 IV (CSA) 

TBD W 

9:30 crew-hours 


Thermal: 

EVA: 



Table 5.1 1.1-1 Stage 11 - Flight UF-2 Shuttle Flight Manliest 

Hardware "I Mass (Ibis' 1 


MPLM - 2 

Node 1 Stowage Rack 3 

JEM ELM-PS/US Stowage Rack 3 

ISPR racks (exchanged) 

MBS 


subtotal 


Shuttle Performance 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

-Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
APCU-I 
ROFU 

Misc. hardware 
Additional Attach Hardware 

Variable Shuttle Consumables 
Additional Crew (500 Ibs/crew) 

Food & Gear (-55 lbs/day over 6) 

5th & 6th N2 tanks (@128 lbs/N2) 

5th Cryo Tank & Fluid 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER 

Misc integration hardware 
Attach Hardware 



10705 

899 


1188 


tbd 


3528 


5615 

10705 


Mass (lbs 


24685 

13000 

500 

0 

-2314 


Weight Growth Reserve 
Maintenance Reserve 


Total Shuttle Lift Capabilit 


25466 


Mission Flight Margin 















Figure 5. 1 1 .2- 1 Stage 1 1 Configuration 







5.11.4 Stage 11, Flight UF-2 Performance Characteristics 

Stage 1 1, Flight UF-2 is assembled at a 215 n.mi. altitude in an LVLH flight mode with 2 
STJKS.'lSSg^ V ^ Peipendicular t0 the orbit plane - nSKnch date 

The Stage 11 steady state micrograviiy environment is depicted in figure 5.1 1.4-1. In a 

j£?rS P ere S( i ? flax u 2 S' 4, geomagnetic index = 18.7) this stage has a flight 

tK *’ ES h S } l i 6 ' and . r ° U * 2 ' L Table SS 1 - 4 * 1 Iist « the U.S. 8 
*?? •’ th u eir ^pe* “J* 1 the maximum steady state microgravity level sensed 

theT 8 g^environmenf glVCn ^ atmos P here - ms configuration contains 1 1 ISPR racks in 


Table 5.11.4-1 Stage 11 US Lab Racks Steady State ug Level 


LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 

LAC-6 


ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 



4 Micro-G 


H 

f 




1,4 ‘ 2 summarizes the reboost lifetime characteristics of Stage 11 assuming +2 a 

SO, ^ CycIe I (July 1995 stan) * and a ballistic coefficient of 
efficiency of inn? w?? W3S p ? fon ? ied asi P g the 2601111 b °s. which has a reboost 
to mS L siTSirS h !f gC thCT u ,s sufflcient Propellant reserve on board the station 

requirement. This stage violates the 90 day 


Table 5.11.4-2 Reboost Lifetime Characteristics 




215 


Reboos t ; 

§1 Attitude'^ 


232 


;SltopeU^til 

8 lllliii 111 


1.719 


lllifrR^oost 


3.084 




8.178 


;|UfeUitieat : 
Rendezvous 
0; Altitude H 


85 


in 301 ^ 0 ! of Stage 1 1 under desi g° atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.1 1.4-2. No momentum 

dtpfcfe 


Table 5.11.4-3 Control Characteristics Summary 


■1 


BMiiMi 







2.1 decrees 
-0.2 decrees 

BBHEE93SSBB 

IviUlliwUUDl : 

2200 N-m-s 
4600 N-m-s 


’? n e .^ atIX)1 characteristics of Stage 1 1 (attached Shuttle) under design atmosphere 
condmonsusmgtitePD R nominal controller (attitude emphasis) are^isplayedin figure 

was Tab " 511 « — 5 — 


5*11.5 Issues and Concerns 

This stage violates the 90 day to 150 n.mi. altitude lifetime requirement 

shutrte)f C haS “ PilCh fl ‘ Sl " attitUde tha * ±15 degrces <wilh and without "> attached 

S S 7ttiteTcoiSta“e™ indireC, PlUm ' ™ pi " 8emem of the * P6 ra diator ta the aft 
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Figure 5.1 1.4-2 Stage 1 1 control plots without Shuttle attached. 
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Figure 5.1 1.4-3 Stage 1 1 control plots with Shuttle attached. 









5.12 Stage 12 Flight Characterization 

5.12.1 Stage 12 - Flight 9A Shuttle Flight Manifest 

The Shuttle delivers the SI segment. Table 5.12.1-1 lists the Shuttle Flight Manifest for 
Stage 12 - Flight 9A. The total mass of the station hardware to orbit is 31026 lbs. The 
second section of the table shows the Shuttle Performance and hardware/consumables 
required for the mission resulting in the net Shuttle Lift Capability of 30780 lbs to 215 
n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE subtotals from this 
amount yields a small negative mission flight margin of -246 lbs. 

5.12.2 Stage 12 Configuration 

Figure 5. 12.2-1 displays the isometric view of Stage 12 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.12.2-2 shows the front, side, top and 
isometric views of Stage 12 with the Shuttle attached. 

5.12.3 Flight 9A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 1 1 occurs along +V bar at an altitude of 215 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the forward Lab CBM in a tail down orientation. 

Assembly flight 9 A is a 7 day mission with 2 EVAs. The SSRMS unberths the SI ITS 
from the Shuttle payload bay and installs it on stbd side of the SO ITS. During EVA 
operations, the second string S-band antenna is deployed and checked out, the SI 
outboard nadir camera is installed, and the Node 1 camera is relocated to the Lab. The 
CETA cart is deployed, but not attached to the MT (task deferred until following flight). 
The final task of EVA2 is connection of the PMA3-to-Nodel umbilicals. 

Following separation. Stage 12 flight mode is LVLH with the Nodel/Lab section aligned 
along the velocity vector. 
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S ystem Resourc<y F unctionaliiy 
Stage 1 1 functionality, plus: 

• Addition of S 1 Starboard Segment TCS (Prepared but not activated) 

• Redundant S-Band Communications systems 

• Increased video coverage 

• Deployed starboard CETA cart (prepared but not activated) 

Resources Available : Power: 15,800 IV 

Thermal: TBD 

EVA: 24 crew-hours 

Resources Required: Power: 10,128W (U.S. Housekeeping) 

TBD W ( Payload) 

711 W (CSA) 

TBDW 

23:20 crew -hours 


Thermal: 

EVA: 


Table 5.12.1-1 Stage 12 - Flight 9A Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE 

SI IKIJSS SEGMENT 

9041 


SI UTILITY TRAYS 

4410 


SI AVIONICS 

OH 


SI DDCU 

388 


NII3 TANK 

1976 


TRRJ 

1194 


THERMAL SHROUDS 

235 


LAUNCH LOCKS 

589 


S-BAND ANTENNA 

277 


EVA CAMERAS 

196 


NITROGEN TANK 

647 


PUMP MODULE ASSY 

778 


TCS Radiator Structure and Panels (3) 

9702 


CETA Cart - A 

682 


subtotal 

31026 

0 


Shuttle Performance 


Mass (lbs) 

Capability to 220 turn, at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


500 

Additional Shuttle Performance Enhancements 


o 

Variable Integrated Hardware 


-238 

Misc hardware 

238 


Variable Shuttle Consumables 

238 

-183 

Food & Gear (-55 Ibs/day over 6 ) 

55 


5th N2 tanks (@128 lbs/N2) 

128 


Middeck Lockers 

183 

-210 

Generic Integrated Hardware 


- 5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 

5374 

-1000 

Maintenance Reserve 


-400 

Total Shuttle Lift Canabilltv j 


30780 


I Mission Flight Margin 


5.12-3 






Figure 5.12.2-1 Stage 12 Configuration 




5.12.4 Stage 12, Plight 9A Performance Characteristics 

Stage 12, Flight 9A is assembled at a 215 n.mi. altitude in an LVLH flight mode with 2 
single axis aniculating PV arrays perpendicular to the orbit plane. The nominal launch date 

1C I lOAAmUrM* 1 linn 4 


TTie Stage 12 steady state microgravity environment is depicted in figure 5.12.4-1. In a 
+2o atmosphere (solar flux — 232.9, geomagnetic index = 19.6) this stage has a flight 
attitude of yaw = 0, pitch = 19.7, and roll = 3.1. Table 5.12.4-1 lists the U.S. Lalxiratoiy 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
m the given +2o atmosphere. This configuration contains 6 ISPR racks in the 1 ue 
environment. 6 


Table 5.12.4>1 Stage 12 US Lab Rack Steady State p.g Level 




■kittle : - : ;?i 

LAS-1 

ISPR 

1.0 

LAS-2 

ISPR 

1.1 

LAS-3 

ISPR 

1.3 

LAS-4 

ISPR 

1.4 

LAS-5 

SYS 

1.6 

LAS-6 

SYS 

1.7 

LAF-1 

SYS 

1.5 i 

LAF-2 

SYS 

1.6 

LAF-3 

SYS 

1.8 

LAF-4 

SYS 

2.0 

LAF-5 

SYS 

2.1 

LAF-6 

SYS 

2.3 

LAP-1 

ISPR 

1.0 

LAP-2 

ISPR 

1.2 

LAP-3 

ISPR 

1.3 

LAP-4 

ISPR 

1.4 

LAP-5 

SYS 

1.6 

LAP-6 

SYS 

1.7 

LAC-1 

ISPR 

0.6 

LAC-2 

ISPR 

0.7 

LAC-3 

ISPR 

0.8 

LAC-4 

ISPR 

0.9 

LAC-5 

ISPR 

1.1 | 

LAC-6 

SYS 

L2 
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Table 5.12.4-2 summarizes the reboost lifetime characteristics of Stage 12 assuming +2o 
i /IS co ^J t,ons * ^ early solar cycle (July 1995 start), and a ballistic coefficient of 
10.0 lbs/tr. The reboost was performed using the zenith bus, which has a reboost 
ctticicncy of 100%. For this stage there is sufficient propellant reserve on board the station 
to meet the skip cycle contingency reboost requirement. 


Table 5.12.4-2 Reboost Lifetime Characteristics 





:yAft Bus Propellant 

i’vWtiiiiis 

Lifetime at 

Alutwte 


. 0b&> 

Reboost::; 


: Ren^ous j| 
. . Altitude 

215 

231 

1.803 

3.084 

6.376 

97 


The control characteristics of Stage 12 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5. 12.4-2. No momentum 
wheel augmentation was utilized. Table 5.12.4-3 summarizes the control characteristics 
depicted in the plots. 


Table 5.12.4-3 Control Characteristics Summary 


|| ’ 

no STS 


: Attitude 
Pitch 1 

Attitude 

Roll 

•••>•*•: Deviation •' h ■ 

mmmm 

Momentum : ■ 

w/STS 

VeO Uvp vW 

0.0 decrees 

ISA degrees 
-25.7 degrees 

5.0 decrees 
-2.4 degrees 

± 3.0 degrees 
± 0.2 degrees 

4000 N-m-s 
3200 N-m-s 


The contro! characteristics of Stage 12 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figure 
D. 12.4-3. No momentum wheel augmentation was utilized. Table 5.12.4-3 summarizes 
the control characteristics depicted in the plots. 


5.12.5 Issues and Concerns 

Shuttl^ 6 ^ aS 3 attitude that exceeds ±15 degrees (with and without an attached 

There is a small negative margin for the Shuttle manifest which will require weight 
reduction or utilization of reserve performance margins. 

PlUme impin8e, “ ra °f "*»« fom the eft 
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5.13 Stage 13 Flight Characterization 

5.13.1 Stage 13 - Flight 10A Shuttle Flight Manifest 

The Shuttle delivers Node 2 and the cupola. Table 5.13.1-1 lists the Shuttle Flight 
Manifest for Stage 13 - Flight 10A. The total mass of the station hardware to orbit is 
27359 lbs. The second section of the table shows the Shuttle Performance and hardware/ 
consumables required for the mission resulting in the net Shuttle Lift Capability of 28564 
lbs to 215 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE subtotals 
from this amount yields a mission flight margin of 1205 lbs. 

5.13.2 Stage 13 Configuration 

Figure 5.13.2-1 displays the isometric view of Stage 13 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.13.2-2 shows the front, side, top and 
isometric views of Stage 13 with the Shuttle attached. 

5.13.3 Flight 10A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 12 occurs along +R bar at an altitude of 215 
n.mi.. Station rendezvous attitude is -ZVV and +X Nadir. The Shuttle docks to PMA3 
on the Node 1 nadir CBM in a tail port orientation. 

Flight 10A is a 12 d.*y mission with 4 EVAs. The first EVA completes the CETA cart 
installation and deployment, providing a fully functional CETA cart. The cupola arrives 
pre-integrated with Node 2 in the Shuttle payload bay. Following the disconnection of 
the PMA2-to-Lab umbilicals on EVA2, the SSRMS relocates PMA2 from the forward 
Lab port to the accessible radial Node 2 port still in the payload bay (see figure 5.13.3-1 
for a graphical depiction of the operation). The combined Node 2/PMA2 element is then 
removed from the payload bay and installed on the Lab forward CBM (see figure 5.13.3- 
2 for graphical depiction of operation. Note: the action of the SSRMS entering the 
Shuttle cargo bay is done according to the JSC baseline document JSC-37960, section 
4.10A, where the SSRMS enters the Shuttle cargo bay in order to grapple Node 2). 
Following completion of the IVA tasks necessary to prepare the cupola for relocation, the 
SSRMS grapples the cupola, detaches it from Node 2, and installs it on the port side of 
Node 1 (see figure 5.13.3-3 for a graphical depiction of the installation operations). The 
PMA2 is subsequently removed from the radial port and installed on the forward Node 2 
CBM. During EVA operations, PMA2 and Node 2 umbilical trays and umbilicals are 
installed and connected. 

Following separation, Stage 13 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 
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SyStCm RcSOUrCC/Functirinalify 

Stage 12 functionality, plus: 

• Functional starboard CETA cart 

• Active Node 2 (No ITCS or IP DDCUs) 

• Tail down docking capability on Node 2 

• IP module and Node 2 U.S. heat exchangers connected to ETCS 


Resources Available: Power: 

15,800 W 


Thermal: 

TBD 


EVA: 

48 crew-hours 

Resources Required: Power: 

11,703 W 

(U.S. Housekeeping) 


TBDW 

(Pavload) 


711 W 

(CSA) 

Thermal: 

TBDW 


EVA: 

37:00 crew-hours 
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Table 5.13.1-1 Stage 13 - Flight 10A Shuttle Flight Manifest 


Hardware 

Node 2 - core 
JEM DDCU Rack - 1 
JEM DDCU Rack - 2 
JEM DDCU Rack - 3 
JEM DDCU Rack -4 
Cupola 


Mass (lbs) 


20983 

797 

860 

780 

852 

3087 


subtotal 


ffcMIl 


m 




Shuttle Performance 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
Variable Shuttle Consumables 
Food & Gear (-55 lbs/day over 6) 

5th, 6th, 7th & 8th N2 tanks (@128 lbs/N2) 
5th Cryo Tank & Fluid 

Middeck Locker* 

Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER 

Misc integration hardware 
Attach Hardware 


Mass (lbs 


4 '4 


Weight Growth Reserve 
Maintenance Reserve 


Total Shuttle Lift Capabllit 


Mission Flight Margin 


28564 
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Figure 5.13.2-1 Stage 13 Configuration 
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Table 5.13.4-2 summarizes the reboost lifetime characteristics of Stage 13 assuming +2o 
i^? S iL 1 ^ conditions ’ 00 “dy solar cycle (July 1995 start), and a ballistic coefficient of 
J®- 0 . lbs/fr. The reboost was performed using the zenith bus, which has a reboost 
efficiency of 100%. For this stage there is sufficient propellant reserve on board the station 
to meet the skip cycle contingency reboost requirement. 


Table 5.13.4*2 Reboost Lifetime Characteristics 


Rendezvous 
Altitude v-:;.' 

Altitude / 

;;:':ji§eboost;A|! 

(m ]j- : 

Reboost 


: Lifetime at £ 
Rendezvous ' 
Altitude ;:|h; 

£•••• . {days’! • •• 

215 

229 

1.743 

3.084 

4.633 

92 


The control characteristics of Stage 13 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.13.4-2. The CMGs were 
augmented with a 5000 N-m-s momentum wheel. Table 5.13.4-3 summarizes the control 
characteristics depicted in the plots. 


Table 5.13.4*3 Control Characteristics Summary 



ii£ ;: A*titudeS ? i I! 

;H-;:P > .Attiaide'^.sfe.f 




no STS 


21.8 decrees 

1.7 decrees 


3200 N-m-s 

w/STS 

0.0 decrees 

Km 



3500 N-m-s 


The control characteristics of Stage 13 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figure 
5.13.4-3. Table 5.13.4-3 summarizes the control characteristics depicted in the plots. 


5.13.5 Issues and Concerns 

Tliis stage has a pitch flight attitude that exceeds ±15 degrees (with and without an attached 
Shuttle). 

This stage requires a unique docking orientation for the Shuttle. Installation of Node 2 
drives this docking orientation. 

There is a possibility of some indirect plume impingement of the aft P6 radiator from the aft 
bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 
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Figure 5.13.4-2 Stage 13 control plots without Shuttle attached. 


















5.14 Stage 14 Flight Characterization 

5.14.1 Stage 14 - Flight 1 1 A Shuttle Flight Manifest 

The Shuttle delivers the PI segment with the port TCS radiators. Table 5. 14. 1-1 lists the 
Shuttle Flight Manifest for Stage 14 - Flight 1 1A. The total mass of the station hardware 
to orbit is 30720 lbs. The second section of the table shows the Shuttle Performance and 
hardware/consumables required for the mission resulting in the net Shuttle Lift 
Capability of 30414 lbs to 215 n.mi. at an inclination of 51.6°. Subtracting the hardware 
and FSE subtotals from this amount yields a small negative mission flight margin of -306 
lbs. 

5.14.2 Stage 14 Configuration 

Figure 5.14.2-1 displays the isometric view of Stage 14 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.14.2-2 shows the front, side, top and 
isometric views of Stage 14 with the Shuttle attached. 

5.14.3 Flight 1 1 A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 13 occurs along +V bar at an altitude of 215 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Assembly Flight 1 1 A is a 9 day mission with 3 EVAs. The SRMS unberths the PI ITS 
and hands-off the element to the SSRMS for installation on the SO ITS port side. During 
EVA operations, the truss utility connections are made, the UHF antenna is deployed and 
activated, and external cameras are installed. The central TCS radiators on PI and SI are 
deployed. During the final EVA, CETA cart B is connected to the MT, providing the 
second functional CETA cart on-orbit. Relocation of the S-band RF group on P6 is 
delayed for two flights. 

Following separation, Stage 14 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 
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System Resource/Functionalitv 

Stage 1 3 functionality, plus: 

• Port TCS added (prepared but not activated) 

• Port external cameras 


Resources Available: Power: 

15,800 W 


Thermal: 

TBD 


EVA: 

36 crew-hours 

Resources Required: Power: 

12,232 W 

(U.S. Housekeeping) 


TBDW 

(Payload) 


711 W 

(CSA) 

Thermal: 

TBDW 


EVA: 

28:40 crew-hours 
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Table 5.14.1-1 Stage 14- Flight 11A Shuttle Flight Manifest 


Hardware 

HESISE0I5H 

FSE 

Pi TRUSS SEGMENT 

8820 


PI UTILITY TRAYS 

4410 


PI AVIONICS 

911 


PI DDCU 

388 


UHF ANTENNA 

119 


NH3 TANK 

1976 


TRRJ 

1194 


THERMAL SHROUDS 

235 


LAUNCH LOCKS 

589 


EVA CAMERAS 

196 


NITROGEN TANK 

647 


PUMP MODULE ASSY 

778 


PI LIGHT STANCION 

72 


TCS Radiator Structure and Panels (3) 

9702 


Ceta Cart - B 

682 


subtotal 

30720 

0 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


500 

Additional Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


-238 

Variable Shuttle Consumables 


-549 

Food & Gear (-55 Ibs/day over 6) 

165 


5th, 6th & 7th N2 tanks (@ 128 lbs/N2) 

384 



549 


Middeck Lockers 


-210 

Generic integrated Hardware 


- 5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 
Maintenance Reserve 

5374 

-1000 

-400 

Total Shuttle Lift Capability ! 


30414 


[ 


Mission Flight Margin 


•306 | 
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Figure 5.14.2-1 Stage 14 Configuration 



5.14.4 Stage 14, Flight 11A Performance Characteristics 

fiX l 4 ’ FUfiht ! 1 A is assembled at a 215 n.mi. altitude in an LVLH flight mode with 2 

is IpnSo 8 V perpendicular 10 ,hc Pi™. The dL 

5* o!i ge ste ? dy , stale microgravity environment is depicted in figure 5 14 4-1 In a 

af HnfH^f Fhere (S n 0lar fl “ X geomagnetic index = 21.2) thisstogehasa flight 

attitude of yaw - 0, pitch = 21.0, and roll = 0. Table 5.14.4-1 lists the U S Laboratnrv 

hfthe ** maxi . mum steady state microgravity level sensed during^he orbit 

environment 2 ^ atmosphere - 11118 configuration contains 9 ISPR racks uuhe 1 ug 


Table 5.14.4-1 Stage 14 US Lab Rack Steady State pg Level 


Kactc 


mszm 




LAS-1 

LAS-2 

LAS-3 

LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 


ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

ISPR 


0.8 

1.0 

1.2 

1.3 
1.5 
1.7 

1.4 

1.5 
1.7 
1.9 
2.0 
2.2 
0.9 
1.0 
1.2 
1.3 
1.5 
1.7 
0.4 
0.5 
0.7 
0.8 
1.0 
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Table 5.14.4-2 summarizes the reboost lifetime characteristics of Stage 14 assuming +2o 
condmonsan early solar cycle (July 1995 start), and a ballistic coefficient of 

cffieiinJvrf ulw was Knilh bus > which has a reboost 

For tbls stage lhere 1S sufficient propellant reserve on board the station 
to meet the skip cycle contingency reboost requirement. 


Table 5.14.4-2 Reboost Lifetime Characteristics 


Altitude 

: Altitude. .. .. 
(n.tni.) 

i.Bropellant 
. (lbs.). 

Aft BusJRropellant 

' RebOO$l.: 
tlbs.V : 

Zeriithflus 
if ]'<||c^lant 
ffesr^ingAfter 
fl Ketmst nbs.) 1 

Lifetime at 
Rendezvous 
f;:f ; iAltitude f 

215 

233 1 

2.412 

3.084 

2.220 

114 


KS * h ® n ®F sphencal mass distribution properties of Stage 14, none of the 
J~, K . ? . R CMG attitude control algorithms were able to control the station attitude, even 
considering momentum wheel augmentation. This suggests that this configuration may 
require a customized attitude controller. 6 y 


Thecontrol characteristics of Stage 14 (attached Shuttle) under design atmosphere 
conations usmgAePDR nominal controller (attitude emphasis) are displayed in figure 
3 . 14 . 4 - 2 . Table 5.14.4-3 summarizes the control characteristics depicted in the plots 


Table 5.14.4-3 Control Characteristics Summary (attached Shuttle) 



|§ ||§g AcUtucfe |f|| 

Attitude . < . 

*■*/ **• *Ri tell* - ^ 

:lSMttimde ; li?i 

■ mi 4 

Deviation : 


w/STS 

.. 0.0 degrees 

-37.1 degrees 

-0.2 degrees 

± 0.2 degrees 

i I Ivl 1 L Ullivv.;. 

3400 N-m-s 


5.14.5 Issues and Concerns 

Shutde) 56 haS a PhCh flight attitude 11131 exceeds ±15 degrees (with and without an attached 


which win require wei8ht 


margins. 


There is a possibility of some indirect plume 
from the aft bus attitude control thrusters. 


impingement of the aft P6 and SI radiators 
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5.15 Stage 15 Flight Characterization 

5.15.1 Stage 15 - Flight UF-3 Shuttle Flight Manifest 

The third utilization flight supplies additional ISPR racks in the MPLM to exchange with 
exisUfit L-ab ISPR racks. Table 5.15.1-1 lists the Shuttle Flight Manifest for Stage 15 - 

i/inVi i * 3 ' Thc t0lal mass of lhc slation hardwar e to orbit is 12890 lbs and FSE mass of 
10/05 lbs. The second section of the table shows thc Shuttle Performance and hardware/ 
consumables required for the mission resulting in the net Shuttle Lift Capability of 26294 
lbs to 220 n.mi. at an inclination of 51.6°. Subtracting thc hardware and FSE subtotals 
from this amount yicldss a mission flight margin of 2699 lbs. 

5.15.2 Stage 15 Configuration 

Figure 5.15.2-1 displays the isometric view of Stage 15 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.15.2-2 shows the front, side, top and 
isometric views of Stage 15 with the Shuttle attached. 

5.15.3 Flight UF-3 Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 14 occurs along +V bar at an altitude of 220 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 


Flight UF-3 is a 12 day mission with 0 EVAs. The SRMS unberths the MPLM from the 
Shuttle payload bay and installs it on the Node 2 nadir port CBM. Upon completion of 
the rack exchange, the MPLM is returned to payload bay. 


Following separation, Stage 
along the velocity vector. 


15 flight mode is LVLH with the Node 1/Lab section aligned 


System Resource/Functinna1i|y 

Stage 14 functionality, plus: 

• One additional stowage rack brought to orbit 


• No other functional changes 


Resources Available: Power: 

15,800 W 


Thermal: 

TBD 


EVA: 

O crew-hours 


Resources Required: Power: 

12,232 W 
TBD W 
711 W 

(U.S. Housekeeping ) 
(Payload) 

(CSA) 

Thermal: 

TBD W 

EVA: 

0 crew-hours 



Table 5.15.1-1 Stage 15 - Flight UF-3 Shuttle Flight Manifest 


Hardware 

Mass (lbs) 


MPl.M 


10705 

ISPRs (Jab) 



Jl-M ELM PS / US Stowage Rack 3 



subtotal 

12890 

10705 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


0 

Additional Shuttle Performance Enhancements 


o 

Variable Integrated Hardware 


-1324 

APCU-I 

714 


ROFU 

450 


Misc hardware 

160 



1324 


Variable Shuttle Consumables 


-3033 

Additional Crew (500 Ibs/crew) 

1000 


Food & Gear (-55 Ibs/day over 6) 

330 


5th N2 tanks (@ 128 lbs/N2) 

128 


5th Cryo Tank & Fluid 

1575 


Middeck Lockers 

3033 

-160 

Generic Integrated Hardware 


-5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 

5374 

-1100 

Maintenance Reserve 


-400 

Total Shuttle Lift Capability 


26294 


1 Mission Flight Margin 
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5.15.4 Stage 15, Flight UF-3 Performance Characteristics 

Stage 15, Right UF-3 is assembled at a 220 n.mi. altitude in an LVLH flight mode with 2 
single axis articulating PV arrays perpendicular to the orbit plane. The nominal launch date 
is June, 2000. 

The Stage 15 steady state microgravity environment is depicted in figure 5.15.4-1. In a 
+2<x atmosphere (solar flux = 227.6, geomagnetic index = 20.7) this stage has a flight 
attitude of yaw = 0, pitch = 11.3, and roll = 0. Table 5.15.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
in the given +2or atmosphere. This configuration contains 4 ISPR racks in the 1 pg 
environment. 





Table 5.15.4*1 Stage 15 US Lab Rack Steady State pg Level 




iiiticro-ir 1 

LAS-1 

ISPR 

1.3 

LAS-2 

ISPR 

1.4 

LAS-3 

ISPR 

1.5 

LAS4 

ISPR 

1.6 

LAS-5 

SYS 

1.7 

LAS-6 

SYS 

1.8 

LAF-1 

SYS 

1.9 

LAF-2 

SYS 

2.0 

LAF-3 

SYS 

2.1 

LAF-4 

SYS 

2.2 

LAF-5 

SYS 

2.3 

LAF-6 

SYS 

2.4 

LAP-1 

ISPR 

1.3 

LAP-2 

ISPR 

1.4 

LAP-3 

ISPR 

1.5 

LAP-4 

ISPR 

1.6 

LAP-5 

SYS 

1.7 

LAP-6 

SYS 

1.8 

LAC-1 

ISPR 

0.7 

LAC-2 

ISPR 

0.8 

LAC-3 

ISPR 

0.9 

LAC-4 

ISPR 

1.0 

LAC-5 

ISPR 

1.1 

LAC-6 

SYS 

1.2 
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Table 5.15.4-2 summarizes the reboost lifetime characteristics of Stage 15 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
18.5 lbs/ft 2 . The reboost was performed using the zenith bus, which has a reboost 
efficiency of 100%. For this stage there is sufficient propellant reserve on board the station 
to meet the skip cycle contingency reboost requirement. 

Table 5.15.4-2 Reboost Lifetime Characteristics 


Altitude 

; T? i? 

S (n.riU;) 

llipptioqstiHf 

i^^ojxjUahtQ:. 

ffjftfbs.) 

Aft ^us Propellant 
| : Ren^ 

;Rdboost : :.-'C? 

mmrnmm 

|§ K ...Zenith Bus V 
1^' Propellant 
JRetaaihing After 

Ufetime at ~ 
Rendezvous 
|^ : Aldtafel5 

220 

230 

1.301 

3.084 

920 

140 


The control characteristics of flight UF-3 under design atmosphere conditions using the 
PDR nominal controller (attitude emphasis) are displayed in figure 5.15.4-2. The CMGs 
were augmented with a 4000 N-m-s momentum wheel. Table 5.15.4-3 summarizes the 
control characteristics depicted in the plots. 


Table 5.15.4-3 Control Characteristics Summary 





: Atduide'v^lV: 

IlilliMa 



waM&mmlm 




Momentum 

no STS 

0.0 degrees 

25.7 degrees 

0.1 degrees 

± 2.0 degrees 

3000 N-m-s 

w/STS 

0.0 degrees 

-37.1 degrees 

-0.3 degrees 

± 0.2 degrees 

3400 N-m-s 


The control characteristics of Stage 15 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figure 
5. 15.4-3. No momentum wheel was required. Table 5. 1 5.4-3 summarizes the control 
characteristics depicted in the plots. 


5.15.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds +15 degrees (with and without an attached 
Shuttle). 

There is a possibility of some indirect plume impingement of the aft P6 and SI radiators 
from the aft bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 
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Figure 5.15.4-2 Stage 15 control plots without Shuttle attached. 














5.16 Stage 16 Flight Characterization 

5.16.1 Stage 16 - Flight 1J/A Shuttle Flight Manifest 

This assembly flight delivers the first NASDA element, the Japanese Experiment Module 
Experiment Logistics Module Pressurized Section (JEM ELM PS), Table 5 16 1-1 lists 
the Shuttle Flight Manifest for Stage 16 - Flight 1 J/A. The total mass of the station 
hardware to orbit is 22810 lbs, and the FSE required is 4095 lbs. The second section of 
the table shows the Shuttle Performance and hardware/consumables required for the 
mission resulting in the net Shuttle Lift Capability of 26084 lbs to 220 n.mi. at an 
inclination of 51.6°. Subtracting the hardware and FSE subtotals from this amount yields 
a negative mission flight margin of -821 lbs. 

5.16.2 Stage 16 Configuration 

f^, 5 -! 6 2 - 1 d j s P la ys the isometric view of Stage 16 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.16.2-2 shows the front, side, top and 
isometric views of Stage 16 with the Shuttle attached. 

5.16.3 Flight 1 J/A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 15 occurs along +V bar at an altitude of 220 
n.mi. Stauon rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 1 J/A is a 10 day mission with 6 EVAs. The deferred EVAs from flight 1 1 A are 
completed prior to installing the first NASDA element. The most critical of those 

unhmh! ttt k reL th ci r xi°De U ? n ° f tHe S ' band RF gr0Up 00 P6 t0 the P1 ITS - The SRMS 

“ Thfccp^c S “ ShutUe payload bay and hands off the dement to the 
SRMS. The SSRMS attaches the JEM ELM-PS to the Node 2 zenith CBM Two 

ir^ S f ar ?K reqUir f d i°/ eplaCe two HPGAs <°2> “d return the spent HPGAs, with the 
ULC, to the payload bay. The SPDM is also installed on the MBS PDGF and a dynamic 
checkout is performed prior to departure. y 

Following separation, Stage 16 flight mode is LVLH with the Nodel/Lab section aligned 
along the velocity vector. 6 
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System Resource/Functinn^^y 
Stage 15 functionality, plus: 

• Improved S-band Coverage 

• One additional stowage rack brought to orbit 

• Delivers JEM Experiment Logistics Module - Pressurized Section 

• Airlock resupply - HP to 02 tanks replaced 

• SPDM installed and activated 


Resources Available: Power: 

15,800 W 


Thermal: 

TBD 


EVA: 

72 crew-hours 

Resources Required: Power: 

12,232 W 

(U.S. Housekeeping) 


TBDW 

(Payload) 


1,180 W 

(CSA) 


229 W 

(NASDA) 

Thermal: 

TBDW 


EVA: 

57:40 crew-hours 
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Table 5.16.1-1 Stage 16 - Flight 1J/A Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE 

Jl iM elm PS 



IHM PM DMS 1 Rack 

939 


JEM PM System Stowage 1 Rack 

824 


JItM PM RMS Workstation 

939 


JliM PM THC/TCS 1 Rack 

1164 


JliM PM BPS 1 Rack 

866 


JEM PM Workstation Rack 

928 


JEM ELM PS Module Core 

9379 


middeck equipment 

133 


JEM PM ISPR 1 Rack 

1499 


JEM PM ISPR 2 Rack 

1499 


SPDM 

3490 

1420 

ULC-A 


2675 

02 tanks (on ULC) 

1150 


subtotal 

22810 

4095 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


0 

Additional Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


-990 

Additional Attach Hardware 

990 



990 


Variable Shuttle Consumables 


- 3307 

Additional Crew (500 lbs/crew) 

1000 


Food & Gear (-55 lbs/day over 6) 

220 


5th & 6di N2 tanks (@ 128 lbs/N2) 

512 


5th Cryo Tank & Fluid 

1575 



3307 


Middeck Lockers 


-160 

Generic Integrated Hardware 


-5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 



5374 


Weight Growth Reserve 


-1310 

Maintenance Reserve 


-460 

Total Shuttle Lift Canabilitv 


26084 


[ 


Mission Flight Margin 


•821 





Figure 5.16.2-1 Stage 16 Configuration 



5.16.4 Stage 16, Flight 1J/A Performance Characteristics 

Stage 16, Flight 1J/A is assembled at a 220 n.mi. altitude in an LVLH flight mode with 2 
single axis articulating PV arrays perpendicular to the orbit plane. The nominal launch date 
is August, 2000. 

No microgravity levels were determined for the station ISPR racks since the stage could not 
be controlled. 


Table 5.16.4-1 summarizes the reboost lifetime characteristics of Stage 16 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
. reboost was performed using the aft bus, which has a reboost efficiency 
of 93%. For this stage there is insufficient propellant reserve on board the station to meet 
the skip cycle contingency reboost requirement. 


Table 5.16.4-1 Reboost Lifetime Characteristics 



.• •Reboost v-.r 
iillilithiude; '§'■ 

:§■ .^Reboost. 

MiMi 

mmsmsm 

AftBjwl^ReUant 

1111 Reboost. ' " : ' 

iilllliilliii 

til .Zenith 
|Reraainirtg^wt 

tIPfethneiat 
I Rendezvous 

220 

238 

2.784 

299 

920 

13 J 


SS abl nJi e £ ne F s P herical mass distribution properties of Stage 16, none of the 
flik or CDR CMG attitude control algorithms were able to control the station attitude, even 
considering momentum wheel augmentation. This suggests that this configuration mav 
require a customized attitude controller. 6 y 

The control characteristics of Stage 16 (attached Shuttle) under design atmosphere 

the JSCAJT nominal controller (attitude emphasis) are displayed in figure 
D. 10.4-1. Table 5.16.4-2 summarizes the control characteristics depicted in the plots. 


Table 5.16.4-2 Control Characteristics Summary (Shuttle attached) 


— 

— 

BPai 






1^ Hi 




BE3S515WW1H 


5.16.5 Issues and Concerns 

Hie CMG control simulations for the unmated configuration all eventually went unstable, 
ine closeness of all three body axes inertias along with large pitch aerodynamic torques 
result in a constant pitch torque imbalance. The only way to eliminate the imbalance is to 
rotate the configuration 90 degrees in pitch so that the pitch aerodynamic torques are nearly 
zer ?‘ L . I s non -standard attitude would result in a poor microgravity environment but could 
probably be controlled by CMGs utilizing customized control algorithms. 

This stage has a pitch flight attitude that exceeds ±15 degrees (with an attached Shuttle). 







There is a possibility of some indirect plume impingement of the aft P6 
from the aft bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 


and Sl/Pl radiators 


For this stage there is insufficient propellant reserve on the bus to meet the skip cycle 
contingency reboost requirement. v 7 


There is a small negative margin for the Shuttle manifest which will require weight 
reduction or utilization of reserve performance margins. 
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Figure 5.16.4-1 Stage 16 control plots with Shuttle attached. 




5.17 Stage 17 Flight Characterization 

5.17.1 Stage 17 - Flight 12A Shuttle Flight Manifest 

The shuttle delivers the P3/P4 truss segment with the port inboard photovoltaic (PV) 
arrays. Table 5.17.1-1 lists the Shuttle Flight Manifest for Stage 17 - Flight 12A. The 
total mass of the station hardware to orbit is 32781 lbs. The second section of the table 
shows the Shuttle Performance and hardware/consumablcs required for the mission 
resuhing in the net Shuttle Lift Capability of 31775 lbs to 220 n.mi. at an inclination of 
51.6°. Subtracting the hardware and FSE subtotals from this amount gives a negative 

mission night margin of -1006 lbs. 

5.17.2 Stage 17 Configuration 

Figure 5.17.2-1 displays the isometric view of Stage 17 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.17.2-2 shows the front, side, top and 
isometric views of Stage 17 with the Shuttle attached. 

5.17.3 Flight 12A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 16 occurs along +V bar at an altitude of 220 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 12A is an 8 day mission with 2 F-VAs. The SRMS unberths the P3/P4 ITS from 
the Shuttle payload bay and hands off to the SSRMS which installs the element on PI 
ITS. The EVA, during this flight include the installation of the structural elements 
around the Solar Alpha Rotary Joint (SARJ) that ensure the structural integrity of the 
joint. Due to the EVA time constraint on this flight, no EPS preparation or activation 
occurs until the following flight. The final EVA includes the deployment of the port 


Following separation, Stage 17 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 
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System Resourcc/Functinn fl |py 
Stage 16 functionality, plus: 

• P3 ITS and P4 power module delivered to orbit (partially installed, not 
activated) 

Resources Available: Power: 

Thermal: 

EVA: 

Resources Required: Power: 


Thermal: 

EVA: 


15,800 W 
TBD 

24 crew-hours 

12,232 W (U.S. Housekeeping ) 
TBD W (Payload) 

1,180 W (CSA) 

229 W (NASDA) 

TBD W 

1 3:54 crew-hours 
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Table 5.17.M Stage 17 - Flight 12A Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE 

1*3 TRUSS SEGMENT 

4410 


1*3 UTILITY TRAYS 

1417 


SARJ STATOR 

920 


SARJ UTA 

920 


ULC ATTACH STRUCTURE 

344 


ULC ATTACH STRUCTURE 

344 


P3 ROTARY BULKHEAD 

492 


SARJ ROTOR 

920 


P4 TRUSS SEGMENT 

9482 


BG DEPLOYED 

1338 


IEA BATTERIES (8 batteries) 

4968 


P3/P4 BARS 

463 


P4 IEA Radiator 

1474 


PIA PV Array 

2646 


PIF PV Array 

2646 


subtotal 

32781 

0 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


0 

Additional Shuttle Performance Enhancements 


1500 

Variable Integrated Hardware 


-238 

Variable Shuttle Consumables 


-238 

Food & Gear (-55 Ibs/day over 6) 

110 


5th & 6th N2 tanks (@ 128 Ibs/N2) 

128 



238 


Middeck Lockers 


•160 

Generic Integrated Hardware 


-5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 



5374 


Weight Growth Reserve 


-1000 

Maintenance Reserve 


400 

Total Shuttle Lift Canahllitv 


31775 


1 Mis sion Flight Margin I | >1006 1 
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Figure 5.17.: 



5. ^7.4 Stage 17, Flight 12A Performance Characteristics 

Stage 17, Flight 12A is assembled at a 230 n.mi. altitude in an LVLH flight mode with two 

“? i n0t d ? p i oyc ? 88(1 ^ sin 8 le 8x18 PV anay perpendicular to the orbit 
plane. The nominal launch date is October, 2000. 1 

The Stage 17 steady state microgravity environment is depicted in figure 5174-1 In a 
+2c atmosphere (solar flux = 218.6, geomagnetic index = 22.3) thiSe has a flight 

l° -°* pitch \ 0 0 > and rol1 = - 5 0 - Table 5.17.4-1 lisfthe U S 
l ^ eir ^pe» 8,1(1 the maximum steady state microgravity level sensed 
d " orl >“ in the S lven +2c atmosphere. Under these conditions, this configuration 
does not provide any of the US Lab ISPR racks a 1 ug environment. ^ 

Table 5.17.4-1 Stage 17 US Lab Rack Steady State jig Level 




llinlcrcM 


LAS-1 

LAS-2 

LAS-3 

LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 

LAC-6 


ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 
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Table 5.17.4-2 summarizes the reboost lifetime characteristics of Stage 17 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
20.3 lbs/ft . There is insufficient propellant in either bus to perform the required reboost 
maneuver. The amount of propellant required to perform the reboost manuever was 
calculated as if using the aft bus, which has a reboost efficiency of 94%. For this stage 
there is insufficient propellant reserve on board the station to meet the skip cycle 
contingency reboost requirement. 


Table 5.17.4-2 Reboost Lifetime Characteristics 


Rendezvous 
•• • , Altitude 

(n.»fc). " '•* 

•^RefatxMt.'.-l 
: Altitude 1 

... (n.mi.) |fg 

Propellant II 

Hi 

; Zenith Bus f /, 
Propellant 
-Ren^idng After 

||!i::AiitudeSn 

1 230 

240 

1.709 

-1.410 

920 

201 


The control characteristics of Stage 17 under design atmosphere conditions using the PDR 
yaw bias controller are displayed in figure 5.17.4-2. The CMGs were augmented with a 
7500 N-m-s momentum wheel. Table 5.17.4-3 summarizes the control characteristics 
depicted in the plots. 


Table 5.17.4-3 Control Characteristics Summary 




iiiii 



IllgPlj 




-10.1 degrees 
6.3 degrees 

± 2.0 degrees 
± 0.2 degrees 

9.000 N-m-s 

2.000 N-m-s 


The control characteristics of Stage 17 (attached Shuttle) under design atmosphere 
conditiond using the PDR nominal controller (attitude emphasis) are displayed in figure 
5.17.4-3. No momentum wheel was required. Table 5.17.4-3 summarizes the control 
characteristics depicted in the plots. 

As discussedin Section 5.10.4 the Shuttle is required to perform periodic attitude 
maneuvers during certain solar geometry conditions while mated with the in order to avoid 
exceeding thermal loads on the Orbiter. The maneuver must be able to be performed using 
the RCS thrusters from either bus starting from Stage 10. 

Three sample mated configurations were selected for analysis : Stage 10, when the upper 
bus is delivered, Stage 17/Flight 12A, and Stage 36/Flight 19A. The CDR RCS attitude 
maneuver control algorithm was employed. A 180 degree yaw maneuver was performed. 

It should be noted that the total impulse per attitude control thruster is 134,000 lb f -sec. 

For Stage 17, a 0.1 degree/sec rate limit was also utilized. The 180 degree yaw maneuver 
took approximately 1800 seconds ("1/3 orbit) for both the aft and upper bus. There was 
about a 17 degree overshoot in the yaw channel, and under 5 degrees in pitch. Both upper 
and aft buses required about 95 lb. of fuel to perform the maneuver. By and large, all four 
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thrustere on each bus were selected approximately equally by the RCS CDR control 
algorithm. Table 5.17.4-1 lists the fuel and total impulse requirements. 


Table 5.17.4.1 Yaw Maneuver Fuel and Impulse Requirements 



: Fuel Used (lb;) 4 Total Impulse (lb.-sec) 

Total Fuel 


HPiiiiPg 




iiliiliiliil 

aft 

24.5/ 7215 

23.1/ 6825 

23.4/ 6890 

22.7/ 6695 

93.8 

zenith 

22.6/ 6656 

21.4/6311 

25.7/ 7578 

24.9/ 7338 

94.6 


5.17.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees (with an attached Shuttle). 

There is a possibility of some indirect plume impingement of the aft P6 and S 1 (PI radiators 
from the aft bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 

For this stage there is insufficient propellant reserveon the bus to meet the skip cycle 
contingency reboost requirement. 

There is a negative margin for the Shuttle manifest which will require weight reduction or 
utilization of reserve performance margins. 
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Figure 5.17.4-2 Stage 17 control plots without Shuttle attached. 

















5.18 Stage 18 Flight Characterization 

5.18.1 Stage 18 - Flight 12A+ Shuttle Flight Manifest 

This is an additional Shuttle flight over the baseline ISS 9/28/94 assembly sequence. 
Table 5.18.1-1 lists the Shuttle Flight Manifest for Stage 18 - Flight 12A+. The total 
mass of the station hardware to orbit is 6083 lbs. while the FSE is 9475 lbs. The second 
section of the table shows the Shuttle Performance and hardwarc/consumables required 
lor the mission resulting in the net Shuttle Lift Capability of 23399 lbs to 230 n mi at an 
inclination of 51.6°. Subtracting the hardware and FSE subtotals from this amount yields 
a mission flight margin of 784 1 lbs. 

5.18.2 Stage 18 Configuration 

^T, 5 ', 18 ' 2 * 1 d ^ plays the isomelric view of Stage 18 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5. 18.2-2 shows the front, side, top and 
isometric views of Stage 18 with the Shuttle attached. 

5.18.3 Flight 12A+ Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 17 occurs along +V bar at an altitude of 230 
Stauon rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 12A+ is a 15 day mission with 7 EVAs. EVA tasks that remain from flight 12A 
are completed during the first half of this flight. The primary purpose of those EVAs is 
to prepare for deployment of the P4 PV arrays, reconfigure the power distribution 
equipment following deployment of the P4 arrays, and activate the SI and PI thermal 

Up ° n com P letion of those tasks, the port P6 PV array and the 
rad u at ° rS ° n P6 are St0wed in P re P araUon for relocation on a future 
ni . ght * 7 he SRN ? S ^berths the P5 spacer truss and hands off the element to the SSRMS, 
which then attaches the P5 spacer to the P3/P4 truss elements. The P4/P5 MT/CETA 

•K 1 A Stal - ed ‘ u The 2 additional batter y sets delivered on this flight are installed on 
the P4 IEA using the SPDM. 


Following separation, Stage 18 flight mode is LVLH with the Node 1/Lab section 
along the velocity vector. 


aligned 
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Stage 17 functionality, plus: 

• P4 power module active - two additional power channels (6 batteries each) 

• Full PV battery complement at P4 

• Port P6 channel shut down 

• SI and PI TCS active 


Resources Available; Power: 

Thermal: 

EVA: 

Resources Required: Power: 


Thermal: 

EVA: 


28,200 W 
TBD 

84 crew-hours 

13,259 W (U.S. Housekeeping) 
TBD W (Payload) 

1,180 W (CSA) 

229 W (NASDA) 

TBDW 

68:10 crew-hours 




Table 5.18.1-1 Stage 18 - Flight 12A+ Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSB 

P5 

3528 


ijlc 


1540 

DDC-B 


735 

1*4 Baucry Sets (2) 

1868 


P4/P5 MT/CLTA Rails 

688 


16 -day EDO Pallet 


7200 

subtotal 

6083 

9475 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


-1000 

Additional Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


- 2770 

Additional Attach Hardware 1 



Additional Attach Hardware 2 



Additional Attach Hardware 3 




1780 


Variable Shuttle Consumables 


-3582 

Additional Crew (500 lbs/crew) 

1000 


Food & Gear (-55 Ibs/day over 6) 

495 


5th, 6th, 7th & 8th N2 tanks (@ 128 lbs/N2) 

512 


5th Cryo Tank & Fluid 

1575 



3582 


Middeck Lockers 


-160 

Generic Integrated Hardware 


-5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 
M&mtenance Reserve 

5374 

-1000 

-400 

Total Shuttle Lift Capability 


23399 


7841 I 


[ 


Mission Flight Margin 1 












Figure 5.18.2-1 Stage 18 Configuration 
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5.18.4 Stage 18, Flight 12A+ Performance Characteristics 

h™KL 18, • FUg ^ t 1 ?A + « assembled at a 230 n.rni. altitude in an LVLH flight mode with 2 

« w5? C TTk S arUC - u a , tl , ng P Y ®F ay . s and one single axis PV array perpendicular to the orbit 
plane. The nominal launch date is December, 2000. ^ 

T5 e steady state microgravity environment is depicted in figure 5.18.4-1. In a 

+2o atmosphere (solar flux = 212.0, geomagnetic index = 21.5) this stage has a flight 
attitude of yaw = 8.0, pitch * 0.0 , and roll = -2.3. Table 5.18.4-1 lists the U.S. 8 
Laboratory racks, their type, and the maximum steady state microgravity level sensed 
during the orbit in the given +2<r atmosphere. This configuration does not provide a 1 ug 
environment to any of the racks. v 


Table 5.18.4-1 Stage 18 US Lab Rack Steady State jig Level 


LAS-1 

LAS-2 

LAS-3 

LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 



LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 

LAC-6 


ISPR 

1.9 

ISPR 

1.9 

ISPR 

1.9 

ISPR 

1.9 

SYS 

1.9 

SYS 

1.9 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

ISPR 

1.8 

ISPR 

1.8 

ISPR 

1.8 

ISPR 

1.8 

SYS 

1.8 

SYS 

1.8 

ISPR 

1.3 

ISPR 

1.3 

ISPR 

1.3 

ISPR 

1.3 

ISPR 

1.3 

SYS 

1.3 













Table 5.18.4-2 summarizes the reboost lifetime characteristics of Stage 18 assuming +2o 
amiosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
16.2 lbs/ft . There is insufficient propellant in either bus to perform the required reboost 
maneuver. The mnount of propellant required to perform the reboost manuever was 
calculated as if using the aft bus, which has a reboost efficiency of 94%. For this stage 
there is insufficient propellant reserve on board the station to meet the skip cycle 
contingency reboost requirement. 


Table 5.18.4*2 Reboost Lifetime Characteristics 


; Rendezvous'! 
(n.mi.) 

If AltittK$pJ 

§ii 

i! Prtp^llarif 1' 

Propellant 
iRenuuning After 
1 1 Reboost 111 

ill fiiiiiltl 

.||:;v^nith;;§||||| 

|f;CJRrop^ahtt 
• Remaining After 

^Rlbobstrit^i 7 ':! 

Aldtode ' 

230 

239 

1.464 

•2.874 

920 

185 

The cot 
yaw bis 
control 

itrol characteristics of stage 18 under design atmosphere conditions using the PDR 
is controller are displayed in figures 5.18.4-2. Table 5.18.4-3 summarizes the 
characteristics depicted in the plots. 

Table 5.18.4*3 Control Characteristics Summary 


M : ; vlAUittKfe. 1 

MMfiH 

f:fv;::Atdtade f . 

ill! Deviation 

v^Mciiin^iiurn 

no STS 

4.0 decrees 

-1.0 decrees 

2.8 decrees 

± 3.0 decrees 

10.500 N-m-s 

w/STS 

18.6 decrees 

-37.8 decrees 

8.2 decrees 

± 1.2 decrees 

6600 N-m-s 


The control characteristics of Stage 18 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller are displayed in figure 5.18.4-3. Table 
5.18.4-3 summarizes the control characteristics depicted in the plots. 


5.18.5 Lssues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and Sl/Pl radiators 
from the aft bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 

For this stage there is insufficient propellant reserve on the bus to meet the skip cycle 
contingency reboost requirement. 
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Figure 5.18.4-2 Stage 18 control plots without Shuttle attached. 
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Figure 5.18.4-3 Sftge 18 control plots with Shuttle attached. 








5.19 Stage 19 Flight Characterization 

5.19.1 Stage 19 - Flight UF-4 Shuttle Flight Manifest 

The STS delivers the fourth utilization flight. Table 5.19.1-1 lists the Shuttle Flight 
Manifest for Stage 19 - Flight UF-4. The total mass of the station hardware to orbit is 
~ 13000 lbs which is exchanged with TBD experiments already on-orbit. The second 
section of the table shows the Shuttle Performance and hardwarc/consumabics required 
for the mission resulting in the net Shuttle Lift Capability of 24646 lbs to 230 n.mi. at an 
inclination of 51.6°. Subtracting the hardware and FSE subtotals from this amount gives 
a mission flight margin of 941 lbs. 

5.19.2 Stage 19 Configuration 

Figure 5.19.2-1 displays the isometric view of Stage 19 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.19.2-2 shows the front, side, top and 
isometric views of Stage 19 with the Shuttle attached. 

5.19.3 Flight UF-4 Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 18 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is h-XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Right UF-4 is a 12 day mission with 0 EVAs. The SRMS unberths the MPLM from the 
Shuttle payload bay and installs it on the Node 2 nadir port CBM. Upon completion of 
the rack exchange, the MPLM is returned to payload bay. 

Following separation, Stage 19 flight mode is LVLH with the Node 1/Lab section aligned 
along the vc locity vector. 


System Resource/Functionalitv 
Stage 18 functionality, plus: 

• No additional functionality added on this flight 


Resources Available: Power: 

28,200 W 


Thermal: 

TBD 


EVA: 

0 crew-hours 


Resources Required: Power: 

13,259 W 

(U.S. Housekeeping) 


TBD W 

(Payload) 


1,180 W 

(CSA) 


2 29 W 

(NASDA) 

Thermal: 

TBD W 


EVA: 

0 crew-hours 
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Table 5.19.1-1 Stage 19 - Flight UF-4 Shuttle Flight Manifest 


Hardware 


Mass (Ills) 


subtotal 


13000 


10705 


Shuttle Performance 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
APCU-i 
ROFU 

Misc hardware 

Variable Shuttle Consumables 
Additional Crew (500 Ibs/crew) 

Food & Gear (-55 lbs/day over 6) 

5th & 6th N2 tanks (@ 128 lbs/N2) 

5th Cryo Tank & Fluid 


Mass (lbs 


Itliltl 


Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER 

Misc integration hardware 
Attach Hardware 

Weight Growth Reserve 
Maintenance Reserve 


Total Shuttle Lift Capablli 


24646 


Mission Flight Margin 


w *' 























5.19.4 Stage 19, Flight UF-4 Performance Characteristics 

Stage 19, Flight UF-4 is assembled at a 230 n.mi. altitude in an LVLH flight mode with 2 
double axis articulating PV arrays and one single axis PV array perpendicular to the orbit 
plane. The nominal launch date is February, 2001. 

The Stage 19 steady state microgravity environment is depicted in figure 5.19.4-1. In a 
+2o atmosphere (solar flux = 204.0, geomagnetic index = 23.1) this stage has a flight 
attitude of yaw = 9.0, pitch = 0.0 , and roll = -2.0. Tabic 5.19.4-1 lists the U.S. 
Laboratory racks, their type, and the maximum steady state microgravity level sensed 
during the orbit in the given +2o atmosphere. This configuration does not provide a 1 pg 
environment to any of the racks. 


Table 5.19.4-1 Stage 19 US Lab Racks Steady State pg Level 


LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 

LAC-6 


ISPR 

1.9 

ISPR 

1.9 

ISPR 

1.9 

ISPR 

1.9 

SYS 

1.9 

SYS 

1.9 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

ISPR 

1.S 

ISPR 

1.8 

ISPR 

1.8 

ISPR 

1.8 

SYS 

1.8 

SYS 

1.8 

ISPR 

1.3 

ISPR 

1.3 

ISPR 

1.3 

ISPR 

1.3 

ISPR 

1.3 

SYS 

1.3 




4 Micro-G 


2 Micro-G 



-2 Micro-G 


4 Micro-G 


Figure 5.19.4-1 Stage 19 steady-state microgravity environment 


contours. 
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Tabic 5.19.4-2 summarizes the reboost lifetime characteristics of Stage 19 assuming +2o 
l£ /S? < £" diti ? n ?’ m solar cycle (July 1995 stan), and a ballistic coefficient of 
10.7 ibs/tr. There is insufficient propellant in either bus to perform the required reboost 
maneuver. The amount of propel ant required to perform the reboost manuever was 
calculated using the aft bus, which currently has a reboost efficiency of 93%. For this 
stage there is insufficient propellant reserve on board the station to meet the skip cycle 
contingency reboost requirement. 


Table 5.19.4-2 Reboost Lifetime Characteristics 


1;!'. Al^tactek^l 
(runti.) ■ : 

mmmm 

latitude 

IlMllllIl 

• ... Reboost 
5S-l| appellant ? ; i 

HM !§ 

=Af t B»uj Propellant 
\ Remaining Afte^f 
v Reboo$t| 

. Propellant 
Remaining After.' 
iiiiiiili flblltl 

| lifetime at ; | 
fdavs> . 

230 

239 

1.486 

-4.360 

920 

197 


The control characteristics of Stage 19 under design atmosphere conditions using the PDR 
yaw bias controller are displayed in figure 5.19.4-2. Table 5. 19.4-3 summarizes the 
co?!froJ characteristics depicted in the plots. 


Table 5.19.4-3 Stage UF-4 Control Characteristics Summary 



\ 

181 'Attitude^::. 

m± ' 

Hi m 

gifrMaximum gfl 

1111 

MSim 

no STS 
w/STS 

5.7 degrees 
0.0 decrees 

-1.0 degrees 
-38.3 decrees 

1.5 degrees 
0.0 decrees 

±3.2 degrees 
± 1.7 decrees 

9300 N-m-s 
20.400 N-m-s 


Neither PDR or CDR CMG attitude control algorithms were able to control the station 
attitude with the Shuttle attached using the available 18,980 N-m-s momentum capacity, 
even considering a 10,000 N-m-s momentum wheel augmentation. The control 
characteristics are shown in figure 5.19.4-4. Note that none of the individual components 
of the angular momentum requirement exceed CMG capacity. 


5.19.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

Pere is a possibility of some indirect plume impingement of the aft P6 and Sl/Pl radiators 
from the aft bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 

For this stage there is insufficient propellant reserve on the bus to meet the skip cvcle 
contingency reboost requirement. v 3 
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Figure 5.19.4-2 Stage 19 control plots without Shuttle attached. 
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Figure 5.19.4-3 Stage 19 control plots with Shuttle attached. 









5.20 Stage 20 Flight Characterization 

5.20.1 Stage 20 - Flight BF-1 Shuttle Flight Manifest 

Stage 20 is the first Bus-1 resupply flight for the station. Table 5.20.1-1 lists the Shuttle 
Flight Manifest for Stage 20 - Flight BF-1. The total mass of the station hardware to orbit 
is 25000 lbs. The second section of the table shows the Shuttle Performance and 
hardware/consumables required for the mission resulting in the net Shuttle Lift 
Capability of 29458 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware 
and FSE subtotals from this amount gives a mission flight margin of 4958 lbs. 

5.20.2 Stage 20 Configuration 

Figure 5.20.2-1 displays the isometric view of Stage 20 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.20.2-2 shows the front, side, top and 
isometric views of Stage 20 with the Shuttle attached. 

5.20.3 Flight BF-1 Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 19 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight BF-1 is a 7 day mission with 0 EVAs. The purpose of this flight is to replace the 
Bus-1 which is attached to the stinger located on Node 1 (the “aft” Bus-1). The SSRMS 
is repositioned on the stinger grapple fixture. The SSRMS then grapples the Bus-1 and 
hands it to the SRMS. The SSRMS remains in this position while the SRMS places the 
spent bus in the Shuttle cargo bay and grapples the replacement Bus-1. The Bus-1 is 
then handed back to the SSRMS and installed on the stinger. 

Following separation, Stage 20 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 


System Reso urce/Functionalitv 
Stage 19 functionality, plus: 

• Bus-1 swapped to ensure adequate fuel supply 


Resources Available: Power: 

28,200 W 


Thermal: 

TBD 


EVA: 

0 crew-hmrs 


Resources Required: Power: 

13,259 W 

(U.S. Housekeeping) 


TBD W 

(Payload) 


1,1 80 W 

(CSA) 


2 29 W 

(NASDA) 

Thermal: 

TBDW 


EVA: 

0 crew-hours 
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Table 5.20.1-1 Stage 20 - Flight BF-2 Shuttle Flight Manifest 


Hardware > Mans (lbs) I FSE 


ns 


25000 


subtotal 


25000 


Shuttle Performance 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
Variable Shuttle Consumables 
Food & Gear (-55 Ibs/day over 6) 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER 

Misc integration hardware 
Attach Hardware 

Weight Growth Reserve 
Maintenance Reserve 


Muss (lbs 


Total Shuttle Lilt Capabili 


29958 


Mission Flight Ma 


73ml 

















Figure 5.20.2-1 Stage 20 Configuration 





5.20.4 Stage 20, Bus Flight 1 Performance Characteristics 

Stage 20, Flight BF-1 is assembled at a 230 n.mi. altitude in an LVLH flight mode with 2 
double axis articulating PV arrays and one single axis PV array perpendicular to the orbit 
plane. The nominal launch date is April, 2001. 

The Stage 20 steady state microgravity environment is depicted in figure 5.20.4-1. In a 
+2o atmosphere (solar flux * 200.4, geomagnetic index = 23.4) this stage has a flight 
attitude of yaw = 9.0, pitch = 0.0 , and roll = -2.0. Table 5.20.4-1 lists the U.S. 
Laboratory racks, their type, and the maximum steady state microgravity level sensed 
during the orbit in the given +2c atmosphere. This configuration does t ot provide a 1 ue 
environment to any of the racks. 


Table 5.20.4-1 Stage 20 US Lab Racks Steady State jig Level 


LAS -4 
LAS-5 
LAS-6 
LAF-1 
LAF-2 
LAF-3 
LAF-4 
LAF-5 
LAF-6 
LAP-1 
LAP-2 
LAP-3 
LAP-4 
LAP-5 
LAP-6 
LAC-1 
LAC-2 
LAC-3 
LAC-4 
LAC-5 
LAC-6 


ISPR 

1.9 

ISPR 

1.9 

ISPR 

1.9 

ISPR 

1.9 

SYS 

1.9 

SYS 

1.9 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

SYS 

2.4 

ISPR 

1.8 

ISPR 

1.8 

ISPR 

1.8 

ISPR 

1.8 

SYS 

1.8 

SYS 

1.8 

ISPR 

1.3 

ISPR 

1.3 

ISPR 

1.3 

ISPR 

1.3 

ISPR 

1.3 

SYS 

1.3 
















5? le 5 : 20,4 ‘ 2 suranarizes *•* reboost lifetime characteristics of Stage 20 assuming +2a 
Ste M i dlt T’ “ party *plar cycle (July 1995 start), and a ballistic coefficient of 

JZinnlrtoS r | b00 i t . 18 U8i *?g .^e aft bus which currently has a reboost 

?“L c *ncy of 93%. For this stage there is sufficient propellant reserve on board the station 
to meet the skip cycle contingency reboost requirement. 


| Rendezvous 
Altitude 

Ouni,) 


Table 5.20.4*2 Reboost Lifetime Characteristics 

S$Pi§ Ilf Reboost •••: .. Aft Bus Propellant j || Zenith Bus I Lifetime aT 
|pitvde ; Propellant Rcmalrilng After Propellant Rendezvous 

Reboast Remaining After Altitude, 
i f Reboost (lbs.) : (davs) 

-M I 1.542 I 10,058 920 209 ' 


“2?*® S ^ ge ^ “®“ m< * configuration characteristics are the same as Stage 19 please 
refer to Section 5. 19.4 for the appropriate control results. F 

5.20.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

impingement of the aft P6 and Sl/Pl radiators 

This stage does not provide a good microgravity environment. 


ffl 




5.21 Sitage 21 Flight Characterization 


5.21.1 Stage 21 . Flight 13A Shuttle Flight Manifest 

The STS delivers the starboard S3/S4 segment. Table 5.21.1-1 lists the Shuttle Flight 
^ " flight 13 A. The total mass of the station hardware to orbit is 
31994 lbs. The second section of the table shows the Shuttle Performance and hardware/ 
oAo?c n ?u blcs ^ t,l,ircd for thc mission resulting in the net Shuttle Lift Capability of 
30845 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE 
subtotals from this amount yields a negative mission flight margin of - 1 149 lbs. 

5.21.2 Stage 21 Configuration 

Figure 5.21.2-1 displays the isometric view of Stage 21 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.21.2-2 shows the front, side, top and 
isometric views of Stage 21 with the Shuttle attached. 

5.21.3 Flight 13A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 20 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 13A is an 8 day mission with 2 EVAs. The SRMS unberths the S3/S4 ITS from 
the Shuttle payload bay and hands off to the SSRMS which installs the element on SI 
ITS. Due to the EVA time constraint on this flight, no EPS preparation or activation 
occurs un ^l the following flight. The final EVA involves the relocation of the P6 stbd 
ETCS radiator to the S4 PV module where it will function as the S4 PV radiator. 

Following separation, Stage 21 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 

System Res ource/Functinnalitv 
Stage 20 functionality, plus: 

• S3 ITS and S4 power module delivered to orbit (partially installed, not 
activated) 


Resources Available: Power: 

Thermal: 

EVA: 

Resources Required: Power: 


Thermal: 

EVA: 


28,200 W 
TBD 

24 crew-hours 

13,259 W (U.S. Housekeeping) 

TBD W (Paxload) 

1,180 W (CSA) 

229 W (NASDA) 

TBD W 

16:20 crew-hours 
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Table 5.21.1-1 Stage 21 . Flight I3A Shuttle Flight Manifest 

Hardware I — rz — ^t~ — 

— — — I M"** (lbs) I I-SK 


53 TRUSS SEGMENT 
S3 UTILITY TRAYS 
SARJ STATOR 
SARJ UTA 

4 Payload Attach Structures (PAS) 

54 TRUSS SEGMENT 
BG DEPLOYED 
S3/S4 BARS 

IEA BATTERIES (4 sets) 

S3 ROTARY ASSY 
S3 ROTARY BULKHEAD 
SARJ ROTOR 
SIA PVA DEPLOYED 
SIF PVA DEPLOYED 


Shuttle Performance 


subtotal 


4410 
1417 
920 
920 
1376 I 
9482 
1338 
463 
4968 
0 
491 
920 
2646 
2646 


imMi 


Mass (lbs) 


Capability to 220 n.mi. at 5 1.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 

Variable Shuttle Consumables 
Food & Gear (-55 Ibs/day over 6) 

5th N2 tanks (@128 lbs/N2) 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER 

Misc integration hardware 
Attach Hardware 

Weight Growth Reserve 
Maintenance Reserve 


Total Shuttle Lift Capabili 


30845 


Mission Flight Mar 


531 












5.21. 4 Stage 21, Flight 13A Performance Characteristics 

Stage 21, Flight 13A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 
with 2 double axis articulating PV arrays and one single axis PV array perpendicular to the 
orbit plane. The nominal launch date is June, 2001 . 

Stage 21 in a +2o atmosphere (solar flux = 195.7, geomagnetic index = 23.1) has a flight 
attitude of yaw = 0.0, pitch = 2.4 , and roll = 0.0. The steady state microgravity 
environment is depicted in figure 5.21.4-1. Table 5.21.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
m Ole given +2cr atmosphere. This configuration does not provide a 1 ug environment to 
any of the racks. 


Table 5.21.4-1 Stage 21 US Lab Rack Steady State |tig Level 


wimmmsm 

^ITvPilli 


LAS-1 

ISPR 

1.9 

LAS-2 

ISPR 

1.9 

LAS-3 

ISPR 

1.9 

LAS-4 

ISPR 

1.9 

LAS-5 

SYS 

1.9 

LAS-6 

SYS 

2.0 

LAF-1 

SYS 

2.5 

LAF-2 

SYS 

2.5 

LAF-3 

SYS 

2.6 

LAF-4 

SYS 

2.6 

LAF-5 

SYS 

2.6 

LAF-6 

SYS 

2.6 

LAP-1 

ISPR 

1.9 

LAP-2 

ISPR 

1.9 

LAP-3 

ISPR 

1.9 

LAP-4 

ISPR 

1.9 

LAP-5 

SYS 

1.9 

LAP-6 

SYS 

2.0 

LAC-1 

ISPR 

1.2 

LAC-2 

ISPR 

1.2 

LAC-3 

ISPR 

1.2 

LAC4 

ISPR 

1.2 

LAC-5 

ISPR 

1.3 

LAC-6 

SYS 

1.3 
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Table 5.21.4-2 summarizes the reboost lifetime characteristics of Stage 21 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
18.6 lbs/fr. The reboost is performed using the aft bus which currently has a reboost 
efficiency of 94%. For this stage there is sufficient propellant reserve on board the station 
to meet the skip cycle contingency reboost requirement. 


Table 5.21.4*2 Reboost Lifetime Characteristics 


Rendezvous 

■h- -Altitude!:., 
(njni.) 

.. .Rgbpost 
. Altitude 

• : :^.;Reb6ost:f: : . 

1 Propellant 

8 ||< Ib*);g| 

HI 

: |>:;|Zeh|tb Bus pf 
Prbpeiliittt '.}> 


230 

237 

1.189 

8.869 

920 

218 


The control characteristics of Stage 21 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.21.4-2. Table 5.21.4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.21.4*3 Control Characteristics Summary 


■H 








-5.3 deerees 

0.0 deerees 


14.700 N-m-s 



-38.1 deerees 



14.500 N-m-s 


The control characteristics of Stage 21 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figure 
5.21.4-3. Table 5.21.4-3 summarizes the control characteristics depicted in the plots. 


5.21.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and S 1/PI radiators 
from the aft bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 

There is a negative weight margin for the Shuttle manifest which will require weight 
reduction or utilization of reserve performance margins. 


5.21*7 























A VX3HL 



Figure 5.21.4-2 Stage 21 control plots without Shuttle attached. 
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Figure 5.21.4-3 Stage control plots with Shuttle attached. 





5.22 Stage 22 Flight Characterization 

5.22.1 Stage 22 • Flight 13A+ Shuttle Flight Manifest 

Stage 22 is an additional shuttle flight over that in the 9/28/94 Baseline 1SSA Assembly 
Sequence. The STS delivers 2 PV battery sets and the S4 & P6 MT/CETA rails on an 
Unpressurized Logistics Carrier (ULC). Table 5.22.1-1 lists the Shuttle Flight Manifest 
for stage 22 - Flight 13A+. The total mass of the station hardware to orbit is 2556 lbs. 
The second section of the table shows the Shuttle Performance and hardware/ 
consumables required for the mission resulting in the net Shuttle Lift Capability of 
25249 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE 
subtotals from this amount gives a mission flight margin of 1 1,018 lbs. 

5.22.2 Stage 22 Configuration 

Figure 5.22.2-1 displays the isometric view of Stage 22 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.22.2-2 shows the front, side, top and 
isometric views of Stage 22 with the Shuttle attached. 

5.22.3 Flight 13A+ Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 21 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 13A+ is a 15 day mission with 7 EVAs. EVA tasks that remain from flight 13A 
are completed during the first half of this flight. The primary purpose of those EVAs is 
to prepare for deployment of the S4 PV arrays, and reconfigure the power distribution 
equipment following deployment of the S4 PV arrays. Upon completion of those tasks, 
tiie starboard P6 PV array and the P6 PV radiator are stowed in preparation for relocation 
d “ n u ng r^ ls The SSRMS unberths the Bus- 1/stinger element (zenith) from the top 
of the P6 segment, hands it to the SRMS which holds the element in a location that 
provides a clear area for the P6 relocation. The SSRMS unberths the P6 power module 
from the Z1 truss and then attaches the element to the P3/P4 truss segment. Following 
re-installation of the P6 segment, the SSRMS retrieves the Bus- 1/stinger from the SRMS 
and berths it to the zenith surface of the Z1 truss (see figure 5.22.3-1 for a graphical 
depiction of these operation). The P6 PV arrays and PV radiator are deployed and re- 
activated. The S4/P6 MT/CETA rails are installed. The 2 PV battery sets delivered on 
this flight are installed on the S4 IEA using the SPDM. 

Following separation, Stage 22 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 
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&Stem Rcsource/Funetinffiflljfy 
Stage 21 functionality, plus: 

• S4 power module active - 2 Additional EPS Channels (6 batteries each) 

• Full PV battery complement at S4 

• Reactivated EPS Channel on P6 (4 batteries on each channel) 

• ITS P6 in permanent port-outboard location 

• 4 additional EATC radiators deployed and 4 activated (all EATC radiators 
now activated) 


Resources Available! Power: 

Thermal: 

EVA: 

Resources Required: Power: 


Thermal: 

EVA: 


47,200 W 
TBD 

72 crew-hours 

13,392 W (U.S. Housekeeping) 
TBDW ( Payload ) 

1,180 W (CSA) 

229 W (NASDA) 

TBDW 

63:40 crew-hours 
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Table 5.22.1-1 Stage 22 • Flight 13A+ Shuttle Flight Manifest 


Hardware 


ULC 

DDC-B 

PV battery sets (2) 
MT/CETA rails (S4 & P6) 

16-day EDO Pallet 


Mass (lbs' 


subtotal 


Shuttle Performance 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
Additional Attach Hardware 

Variable Shuttle Consumables 
Additional Crew (500 lbs/crew) 

Food & Gear (-55 lbs/day over 6) 

5th. 6th, 7th & 8th N2 tanks (@128 lbs/N2) 
5th Cryo Tank & Fluid 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER 

Misc integration hardware 
Attach Hardware 

Weight Growth Reserve 
Maintenance Reserve 


Total Shuttle Lift Capabilit 


Mass (lbs 


Mission Flight Margin 


11018 
















Figure 5.22.2-1 Stage 22 Configuration 
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Figure 5.22.3- 





5.22.4 Stage 22, Flight 13A+ Performance Characteristics 


Stage 22, Flight 13A+ is assembled at a 230 n.mi. altitude in an LVLH flight mode with 6 
double axis articulating PV arrays. The nominal launch date is August, 2001. 


Stage 22 in a +2o atmosphere (solar flux =191.5, geomagnetic index = 22.1) has a flight 
attitude of yaw » 6.0, pitch » -3.3 , and roll » -0.9. The steady state microgravity 
environment is depicted in figure 5.22.4-1. Table 5.22.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
m the given +2o atmosphere. This configuration contains 5 ISPR racks within the 1 ue 
environment. B 


Table 5.22.4-1 Stage 22 US Lab Rack Steady State fig Level 




iftoiicro-a. 

LAS-1 

ISPR 

1.6 

LAS-2 

ISPR 

1.6 

LAS-3 

ISPR 

1.6 

LAS-4 

ISPR 

1.6 

LAS-5 

SYS 

1.5 

LAS-6 

SYS 

1.5 

LAF-1 

SYS 

:.U 

LAF-2 

SYS 

2.1 

LAF-3 

SYS 

2.1 

LAF-4 

SYS 

2.1 

LAF-5 

SYS 

2.0 

LAF-6 

SYS 

2.0 

LAP-1 

ISPR 

1.5 

LAP-2 

ISPR 

1.5 

LAP-3 

ISPR 

1.5 

LAP-4 

ISPR 

1.4 

LAP-5 

SYS 

1.4 

LAP-6 

SYS 

1.4 

LAC-1 

ISPR 

1.0 

LAC-2 

ISPR 

1.0 

LAC-3 

ISPR 

1.0 

LAC-4 

ISPR 

1.0 

LAC-5 

ISPR 

1.0 

LAC-6 

SYS 

1.0 
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Table 5.22.4-2 summarizes the reboost lifetime characteristics of Stage 22 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
10.1 lbs/ft . The reboost is performed using the aft bus which currerly has a reboost 
efficiency of 100%. For this stage there is sufficient propellant reserve on board the station 
to meet the skip cycle contingency reboost requirement. 


Table 5.22.4-2 Reboost Lifetime Characteristics 


|v^ende^^!| 

lAltitude- 
II (riant.) 

**v : 

llvReboost g;> 
IpAltUude;:* 

;j| <n.^) 

:Rebpost : 'M 

'iiMlili 

Aft Bus Propellant 
$ jRemaliiing ; 

Zenith Bus 
: M Pippellant 
/ Remaning After | 

Lifetime at : 
Rendezvous 
Altitude 
(days) 

230 

237 

1.150 

7,718 

920 

260 

The control characteristics of Stage 22 under design atmosphere conditions us 
nominal controller (attitude emphasis) are displayed in figure 5.22.4-2. Table 
summarizes the control characteristics depicted in the plots. 

Table 5.22.4-3 Control Characteristics Summary 

ing the PDR 
5.22.4-3 


§111 

lilt 

fe<»,:Atdtude Jill 

siiRfiii it ® 

= Roll • 

/Maximum 

H : M&^iatibn : Jill 

M 

no STS 

6.0 decrees 

-4.5 decrees 

•0.9 decrees 

± 1.0 decrees 

12.800 N-m-s 

w/STS 

32.4 decrees 

43.8 decrees 

-2.2 decrees 

± 1.9 decrees 

12.200 N-m-s 


The control chaiacteristics of Stage 22 (attached Shuttle) under design atmosphere 
conations using the PDR nominal controller (attitude emphasis) are displayed in figure 
5.22.4-3. Table 5.22.4-3 summarizes the control characteristics depicted in the plots. 


5.22.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

pere is a possibility of some indirect plume impingement of the aft P6 and S 1/PI radiators 
from the aft bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 

In order to maintain progressive stage functionality, 6 EVAs were required to accommodate 
mission critical assembly tasks. In doing this, the initial EVA1 task time estimates 
exceeded die maximum planned EVA duration by more than 3 hours. In order to alleviate 
this condition the following changes are recommended: 

Remove the following EVA tasks from Flight 13A+ EVA1 and perform them on the 
J**t EVA: “Prep Upper EPS Equipment”, ‘‘Prep Lower EPS Equipment”, and 
Rigidize 4 SARJ Braces”. This will reduce the current 13A+ EVA1 to an acceptable 
4 hours and 25 minutes 
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Defer the current 13A+ EVA3 to Flight 2E, EVA1, which will now have a total EVA 
length of 5 hours 45 minutes. 

The current EVA2 now becomes EVA3. It was felt that battery installation on S4 could be 
accomplished from the MT/SSRMS/SPDM operating from the ITS S3 MT rail and that the 
other deferred EVA tasks would not jeopardize stage functionality. 
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5.23 Stage 23 Flight Characterization 

5.23.1 Stage 23 - Flight UF-5 Shuttle Flight Manifest 

Stage 23 is the fifth utilization flight. Table 5.23.1-1 lists the Shuttle Flight Manifest for 
Stage 23 - Flight UF-5. The total mass of the station hardware to orbit is ~9000 lbs. The 
second section of the table shows the Shuttle Performance and hardware/consumables 
required for the mission resulting in the net Shuttle Lift Capability of 23176 lbs to 230 
n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE subtotals from this 
amount yields a mission flight margin of 536 lbs. 

5.23.2 Stage 23 Configuration 

Figure 5.23.2-1 displays the isometric view of Stage 23 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.23.2-2 shows the front, side, top and 
isometric views of Stage 23 with the Shuttle attached. 

5.23.3 Flight UF-5 Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 22 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight UF-5 is a 12 day mission with 0 EVAs. The SRMS unberths the MPLM from the 
Shuttle payload bay and installs it on the Node 2 nadir port CBM. Upon completion of 
the rack exchange, the MPLM is returned to payload bay. 

Following separation, Stage 23 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 


System Resource/Functionalitv 
Stage 22 functionality, plus: 

• No additional functionality added on this flight 


Resources Available: Power: 

47,200 W 


Thermal: 

TBD 


EVA: 

0 crew-hours 


Resources Required: Power: 

13,392 W 

(V.S. Housekeeping) 


TBD W 

(Payload) 


1,180 W 

(CSA) 


2 29 W 

(NASDA) 

Thermal: 

TBDW 


EVA: 

0 crew-hours 
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Table 5.23.1-1 Stage 23 - Flight UF-5 Shuttle Flight Manifest 

_Hardw»re I Mavs(lhs) • — 


MPLM 

ISPRs 

ULC 

Attached Payload 


subtotal 




Shuttle Performance 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
APCU-I 
ROFU 

Additional Attach Hardware 
Misc. hardware 

Variable Shuttle Consumables 
Additional Crew (500 lbs/crew) 

Food & Gear (-55 Ibs/day over 6) 

5th & 6th N2 tanks (@128 lbs/N2) 

5th Cryo Tank & Fluid 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER 

Misc integration hardware 
Attach Hardware 


Weight Growth Reserve 
Maintenance Reserve 


Total Shuttle Lift Capabili 


Mission Flight Margin 


Mass (lbs 


Mill 


23176 





















Figure f 


5.23 Stage 23, Flight UF-5 Performance Characteristics 

Stage 23, Flight UF-5 is assembled at a 230 n.mi. altitude in an LVLH flight mode with 3 
double axis articulating PV arrays. The nominal launch date is October, 2001 . 

Stage 23 in a +2o atmosphere (solar flux = 182.9, geomagnetic index = 22.5) has a flight 
attitude of yaw = 6.0, pitch = -3.1 , and roll = -0.9. The steady state microgravity 
environment is depicted in figure 5.23.4-1. Table 5.23.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
m the given +2o atmosphere. This configuration contains 5 ISPR racks within the 1 ue 
environment. 


Table 5.23.4-1 Stage 23 US Lab Rack Steady State \ig Level 




IIliniicroiB .•£:# 

LAS-1 

ISPR 

1.6 

LAS-2 

ISPR 

1.6 

LAS-3 

ISPR 

1.6 

LAS-4 

ISPR 

1.5 

LAS-5 

SYS 

1.5 

LAS-6 

SYS 

1.5 

LAF-1 

SYS 

2.1 

LAF-2 

SYS 

2.1 

LAF-3 

SYS 

2.1 

LAF-4 

SYS 

2.0 

LAF-5 

SYS 

2.0 

LAF-6 

SYS 

2.0 

LAP-1 

ISPR 

1.5 

LAP-2 

ISPR 

1.5 

LAP-3 

ISPR 

1.4 

LAP4 

ISPR 

1.4 

LAP-5 

SYS 

1.4 

LAP-6 

SYS 

1.4 

LAC-1 

ISPR 

1.0 

LAC-2 

ISPR 

1.0 

LAC-3 

ISPR 

1.0 

LAC-4 

ISPR 

1.0 

LAC-5 

ISPR 

1.0 

LAC-6 

SYS 

1.0 
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Figure 5.23.4-1 Stage 23 steady-state microgravity environment contours. 
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Table 5.23.4-2 summarizes the reboost lifetime characteristics of Stage 23 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
10.1 lbs/ft 2 . The reboost is performed using the zenith bus which currently has a reboost 
efficiency of 92%. For this stage there is sufficient propellant reserve on board the station 
to meet the skip cycle contingency reboost requirement. 


Table 5.23.4-2 Reboost Lifetime Characteristics 


-xRei)dezyous;::u 

{mini.) 

Il;/mtitude'f| 
| (n.mi.) 

:£ : «; (lbs.) • ; ii 

Aft Bus Propellant 
•iRemaining After 
I^S'Reboost 
IIS Ohs.) , . 

•f % Zenith Bus 
; ; :f ; ;'%^llant 
Remaining After | 
* 'RPfcbost (lfcs^ i 

Lifetime at 
| Rcndemws ' 

230 

237 

1.285 

7.718 

.365 

290 


The controls results are identical to those described in 5.22.4 in the design atmosphere. 
5.23.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and S 1/PI radiators 
from the aft bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 
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5.24 Stage 24 Flight Characterization 


5.24.1 Stage 24 - Flight 1J Shuttle Flight Manifest [ 

The Shuttle delivers the JEM PM. Table 5.24. 1 - 1 lists the Shuttle Flight Manifest for | 

Stage 24 - Flight 1 J. The total mass of the station hardware to orbit is 30864 lbs. The '! 

second section of the table shows the Shuttle Performance and hardware/consumablcs ^ 

required for the mission resulting in the net Shuttle Lift Capability of 29058 lbs to 230 t 

n.mi. at an inclination of 5 1 .6°. Subtracting the hardware and FSE subtotals from this j 


amount yields a negative mission flight margin of -1806 lbs. This flight was delivered 
to a higher altitude than the Baseline 9/28/94 Assembly Sequence, therefore the mission 
flight margin is even more negative. 

5.24.2 Stage 24 Configuration 

Figure 5.24.2-1 displays the isometric view of Stage 24 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.24.2-2 shows the front, side, top and 
isometric views of Stage 24 with the Shuttle attached. 

5.24.3 Flight 1J Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 23 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 1 J is a 9 day mission with 2 EVAs. The SRMS unberths the JEM PM from the 
Shuttle payload bay and attaches the element to the Node 2 port CBM. The SSRMS 
unberths the JEM ELM PS from the Node 2 zenith port and attaches the unit to the JEM 
PM zenith port. The JEM RMS is installed, checked-out and activated. 

Following separation, Stage 24 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 
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System Resourcc/Functionalitv 
Stage 23 functionality, plus: 

• JEM attached to Node 2, port-side port 

• Delivers and activates the JEM Pressurized Module and the JEM RMS 

• Relocate ELM-PS to JEM PM 

• JEM PM PDGF checked out 


Resources Available: Power: 

47,200 W 


Thermal: 

TBD 


EVA: 

24 crew-hours 

Resources Required: Power: 

13,392 W 

(U.S. Housekeeping ) 


TBD W 

(Payload) 


1,180 W 

(CSA) 


4,902 W 

(NASD A) 

Thermal: 

TBD W 


EVA: 

14:30 ctew • 

• hours 


Table 5.24. M Stage 24 - Flight 1J Shuttle Flight Manifest 


Hardware 


FSE 

JEM PM (with 3 system racks) 
JEM Pressurized Module Core 

25696 


JliM PM DMS 2 Rack 

939 


JliM PM THC7TCS 2 Rack 

1166 


JliM PM BPS 2 Rack 

866 


JEM Robotic Manipulator System 

2196 


subtotal 

■m 

0 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


-1000 

Additional Shuttle Performance Enhancements 


o 

Variable Integrated Hardware 


o 

Variable Shuttle Consumables 


-293 

Food & Gear (-55 lbs/day over 6) 

165 


5th N2 tank (@128 Ibs/tank) 

128 


Middeck Lockers 

293 


Generic Integrated Hardware 


- 1 ou 

-5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 

5374 

-1340 

Maintenance Reserve 


-460 

Total Shuttle Lift Capability 


29058 


Mission Flight Margin 1 | -18061 
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Figure 5.24.2-2 Stage 24 Configuration with Shuttle 


5.24.4 Stage 24, Flight 1J Performance Characteristics 


Stage 24, Flight 1 J is assembled at a 230 n.mi. altitude in an LVLH flight mode with 3 pair 
of double axis articulating PV arrays. The nominal launch date is December, 2001. 


Stage 24 in a +2c atmosphere (solar flux = 176.3, geomagnetic index = 22.5) has a flight 
attitude of yaw — 1.5, pitch = 2.6 , and roll = -0.9. The steady state microgravity 
environment is depicted in figure 5.24.4-1. Table 5.24.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
in the given +2o atmosphere. This configuration contains 5 ISPR racks within the 1 ug 
environment. 6 


Table 5.24.4-1 Stage 24 US Lab Racks Steady State fig Level 


lliilftHii 

Tvoe 

tinirilcro-H -.'4 

LAS-1 

ISPR 

1.3 

LAS-2 

ISPR 

1.4 

LAS-3 

ISPR 

1.4 

LAS-4 

ISPR 

1.4 

LAS-5 

SYS 

1.4 

LAS-6 

SYS 

1.4 

LAF-1 

SYS 

1.8 

LAF-2 

SYS 

1.8 

LAF-3 

SYS 

1.8 

LAF-4 

SYS 

1.9 

LAF-5 

SYS 

1.9 

LAF-6 

SYS 

1.9 

LAP-1 

ISPR 

1.2 

LAP-2 

ISPR 

1.2 

LAP-3 

ISPR 

1.2 

LAP-4 

ISPR 

1.2 

LAP-5 

SYS 

1.3 

LAP-6 

SYS 

1.3 

LAC-1 

ISPR 

0.8 

LAC-2 

ISPR 

0.8 

LAC-3 

ISPR 

0.8 

LAC-4 

ISPR 

0.8 

LAC-5 

ISPR 

0.9 

LAC-6 

SYS 

0.9 
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5?J®f/ 24 ' 4 ' 2 summarizes the reboost lifetime characteristics of Stage 24 assuminE +2 a 
107 lbs/ft 2 ^ solar cycle (July 1995 start), and a ballistic coefficient of 

i !£££&&& teSTpSESia 


Table 5*24,4-2 Reboost lifetime characteristics 



n „ m j,.f! t * x> characteristics of Stage 24 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.24.4-2. Table 5 24 4-3 
summarizes the control characteristics depicted in the plots * 


Table 5.24.4-3 Control Characteristics Summary 


*1111 


l*lli§I§llll 

IH 

■1 HI 

Deviation 


no STS 
w/STS 

4.3 degrees 
33.6 degrees 

1.0 degrees 
43.6 degrees 

•0.9 degrees 
-3.5 decrees 

± 1.0 degrees 
± 2.1 degrees 

xiViyUKSHUin 

12,500 N-m-s 
1 1.000 N-m-s 


The control characteristics of Stage 24 (attached Shuttle) under design atmosphere 
5 ^J?“ jSJj; ' no h mil ? al controller (attitude emphasis) are^splayed in figure 

? mome P t V m wheel augmentation was required. Table 5 'M 4-3 summaries 

p^r y a C ^^ d S g ,t p,ots - " 0f “ 

5.24.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

impingement of the aft P6 and S 1/Pl radtators 

This stage does not provide a good microgravity environment. 

8 negat . ive weigh * mar S in for Shuttle manifest which will require weight 
reduction or utilization of reserve performance margins. q weigM 
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Figure 5.24.4-2 Stage 24 control plots without Shuttle attached. 


















5.25 Stage 25 Flight Charaterization 

5.25.1 Stage 25 - Flight 2E Shuttle Flight Manifest 

This flight carries the outfitting for the European Space Agency Pressurized Module as 
well as JEM system and stowage racks in the MPLM and delivers the S5 truss segment. 
Table 5.25. 1-1 lists the Shuttle Flight Manifest for Stage 25 - Flight 2E. The total mass 
of the station hardware to orbit is 13229 lbs. The second section of the table shows the 
Orbiter Performance and hardwarc/consumables required for the mission resulting in the 
net Orbiter Lift Capability of 27138 lbs to 230 n.mi. at an inclination of 51.6°. 
Subtracting the hardware and FSE subtotals from this amount gives a mission flight 
margin of 3283 lbs. 

5.25.2 Stage 25 Configuration 

Figure 5.25.2-1 displays the isometric view of Stage 25 after the orbiter departs and the 
scheduled assembly is completed. Figure 5.25.2-2 shows the front, side, top and 
isometric views of Stage 25 with the orbiter attached. 

5.25.3 Flight 2E Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 24 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XW and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 2E is a 9 day mission with 1 EVA. The SRMS removes the MPLM from the 
payload bay and berths it to Node 2 nadir CBM. Upon completion of U.S./APM stowage 
rack transfers, the MPLM is returned to the payload bay. The SSRMS directly unberths 
the S5 truss segment from the payload bay and attaches the element to the MBS 
Payload/ORU Accommodation (POA). The SSRMS installs the S5 ITS to the outboard 
side of the S4 ITS, and the utilities are connected during the single EVA for this flight. 

Following separation, Stage 25 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 

System Resource/Functionalitv 
Stage 24 functionality, plus: 


• Delivers and activates remaining JEM Racks 


Resources Available: Power: 

47,200 W 


Thermal: 

TBD 


EVA: 

12 crew-hours 

Resources Required: Power: 

13,392 W 

(U.S. Housekeeping) 


TBD W 

(Payload) 


1,180 W 

(CSA) 


4,902 W 

(NASDA) 

Thermal: 

TBD W 


EVA: 

6:30 crew-hours 
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Table 5.25.1-1 Stage 25 - Flight 2E Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE 

MPLM 


10626 

Node 1 Stowage Rack 1 

783 


Node 1 Stowage Rack 2 

779 


JEM PM System Stowage Rack 2 

873 


JEM PM outfitting, workbench 

613 


JEM small fine arm 

351 


JEM ELM-PS/US Stowage Rack 1 

998 


JEM ELM-PS Stowage Rack 1 

642 


JEM ELM-PS Stowage Rack 2 

920 


JEM ELM-PS Stowage Rack 3 

916 


JEM ELM-PS Stowage Rack 4 

972 


JEM ELM-PS Stowage Rack 5 

972 


APM/US Stowage Rack 2 

882 


S3 truss segment 

3528 


subtotal 

13229 

10626 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 


-1000 

0 

-790 

Additional Attach Hardware 

790 

Variable Shuttle Consumables 

790 

-293 

Food & Gear (-55 lbs/day over 6) 

165 

5th N2 tanks (@128 lbs/N2) 

128 



293 


Middeck Lockers 
Generic Integrated Hardware 


-160 
- 5374 

External Airlock 

3000 

4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 

5374 

-2130 

Maintenance Reserve 


-800 

Total Shuttle Lift Capability 


27138 


I Mission Flight Margin 1 [ 3283 | 
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5.25 Stage 25, Flight 2E Performance Characteristics 

Stage 25, Flight 2E is assembled at a 230 n.mi. altitude in an LVLH flight mode with 3 pair 
of double axis articulating PV arrays. The nominal launch date is February, 2002. 

Stage 25 in a +2o atmosphere (solar flux =171.1, geomagnetic index = 21.0) has a flight 
attitude of yaw = 0.0, pitch = 2.6 , and roll = -0.7. The steady state microgravity 
environment is depicted in figure 5.25.4-1. Table 5.25.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
in the given +2o atmosphere. This configuration contains 5 ISPR racks within the 1 pg 
environment. 


Table 5.25.4-1 Stage 25 US Lab Rack Steady State pg Level 




sr:<:;'OiScrO-B 

LAS-1 

ISPR 

1.3 

LAS-2 

ISPR 

1.3 

LAS-3 

ISPR 

1.4 

LAS-4 

ISPR 

1.4 

LAS-5 

SYS 

1.4 

LAS-6 

SYS 

1.4 

LAF-1 

SYS 

1.8 

LAF-2 

SYS 

1.8 

LAF-3 

SYS 

1.8 

LAF-4 

SYS 

1.9 

LAF-5 

SYS 

1.9 

LAF-6 

SYS 

1.9 

LAP-1 

ISPR 

1.2 

LAP-2 

ISPR 

1.2 

LAP-3 

ISPR 

1.2 

LAP-4 

ISPR 

1.2 

LAP-5 

SYS 

1.3 

LAP-6 

SYS 

1.3 

LAC-1 

ISPR 

0.7 

LAC-2 

ISPR 

0.8 

LAC-3 

ISPR 

0.8 

LAC-4 

ISPR 

0.8 

LAC-5 

ISPR 

0.8 

LAC-6 

SYS 

0.9 
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Table 5.25.4-2 summarizes the reboost l'fetime characteristics of Stage 25 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
10.8 lbs/ft . The reboost is performed using die aft bus which currently has a reboost 
efficiency of 100%, while the zenith bus has fully expended its propellant load. For this 
stage there is sufficient propellant reserve on board the station to meet the skip cycle 
contingency reboost requirement. 


Table 5.25.4-2 Reboost Lifetime Characteristics 


% Bendes^l; 

RebOOSt : ^ 

•j-.-'AliiUudo’ 
|^(n.f»ii); f;.. 

^||:Rcbpo8t'i: : ;; 

KH 

Zenith Bus 
I|§ i^opellant .Iff 
Remaining After 

Ufotiihcat/h 

Rendezvous 

Xr fdavs) -mV 

230 

240 

1.792 

4.068 

-365 

197 


The control characteristics of Stage 25 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.25.4-2. Table 5.25.4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.25.4-3 Control Characteristics Summary 


■ 

Ifiliil 

Yaw 

| . Attitude ||||| 
Pitch 

IliKAttitUiiteXxi 

-Ron 

8ft! 

mmmmm 

Momentum 

no STS 

3.6 decrees 

0.9 decrees 

-0.7 decrees 

± l.Odeirrees 

13.900 N-m-s 

w/STS 

31.0 decrees 

43.6 decrees 

-3.3 decrees 

± 2.0 decrees 

13.700 N-m-s 


The control characteristics of Stage 25 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figure 
5.25.4-3. Table 5.25.4-3 summarizes the control characteristics depicted in the plots. 


5.25.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and S 1/PI radiators 
from the aft bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 





















Figure 5.25.4-3 Stage 25 control plots with Shuttle attached. 














5.26 Stage 26 Flight Charaterization 

5.26.1 Stage 26 - Flight UF-6 Shuttle Flight Manifest 

The sixth utilization flight is dedicated to outfitting the Japanese Experiment Module 
(JEM). Table 5.26.1-1 lists the Shuttle Flight Manifest for Stage 26 - Flight UF-6. The 
total mass of the station hardware to orbit is -13000 lbs. The second section of the table 
shows the Shuttle Performance and hardware/consumables required for the mission 
resulting in the net Shuttle Lift Capability of 24664 lbs to 230 n.mi. at an inclination of 
51.6°. Subtracting the hardware and FSE subtotals from this amount gives a mission 
flight margin of 959 lbs. 

5.26.2 Stage 26 Configuration 

Figure 5.26.2-1 displays the isometric view of Stage 26 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.26.2-2 shows the front, side, top and 
isometric views of Stage 26 with the Shuttle attached. 

5.26.3 Flight UF-6 Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 25 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight UF-6 is a 12 day mission with 0 EVAs. The SRMS unberths the MPLM from the 
Shuttle payload bay and installs it on the Node 2 nadir port CBM. Upon completion of 
the rack exchange, the MPLM is returned to payload bay. 

Following separation, Stage 26 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 


System Resource/Functionalitv 
Stage 25 functionality, plus: 

• No additional functionality added on this flight 


Resources Available: Power: 

47,200 W 


Thermal: 

TBD 


EVA: 

0 crew-hours 


Resources Required : Power: 

13,392 W 

(U.S. Housekeeping ) 


TBDW 

(Payload) 


1,180 W 

(CSA) 


4,902 W 

(NASDA) 

Thermal: 

TBDW 


EVA: 

0 crew-hours 





Table 5.26.]. 1 Stage 26 - Right UF-6 Shuttle Flight Manifest 

S=SSH»- ' I M«s (lbs 


subtotal 


ii 


Shuttle Performance 


Mass (lbs 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
APCU-I 
ROFU 

Misc. hardware 

Variable Shuttle Consumables 
Additional Crew (500 lbs/crew) 

Food & Gear (-55 Ibs/day over 6) 

5th N2 tanks (@ 128 lbs/N2) 

5th Cryo Tank & Fluid 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER 

Misc integration hardware 
Attach Hardware 

Weight Growth Reserve 
Maintenance Reserve 


Total Shuttle Lift Capabili 


Mission Flight Ma 


m 












igure 5.26.2-1 Stage 



Figure 5.26. 



5.26.4 Stage 26, Flight UF-6 Performance Characteristics 

Stage 26, Flight UF-6 is assembled at a 230 n.mi. altitude in an LVLH flight mode with 3 
pair of double axis articulating PV arrays. The nominal launch date is April, 2002. 

Stage 26 in a +2o atmosphere (solar flux = 158.1, geomagnetic index = 21.6) has a flight 
attitude of yaw = 0.0, pitch = 2.7, and roll = -0.7. The steady state microgravity 
environment is depicted in figure 5.26.4-1. Table 5.26.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
in the given +2o atmosphere. This configuration contains 5 ISPR racks within the 1 ug 
environment. 


Table 5.26.4-1 Stage 26 US Lab Rack Steady State |*g Level 


mmmmm 


til micro** If! 

LAS-1 

ISPR 

1.3 

LAS-2 

ISPR 

1.3 

LAS-3 

ISPR 

1.3 

LAS-4 

ISPR 

1.4 

LAS-5 

SYS 

1.4 

LAS-6 

SYS 

1.4 

LAF-1 

SYS 

1.8 

LAF-2 

SYS 

1.8 

LAF-3 

SYS 

1.8 

LAF-4 

SYS 

1.9 

LAF-5 

SYS 

1.9 

LAF-6 

SYS 

1.9 

LAP-1 

ISPR 

1.2 

LAP-2 

ISPR 

1.2 

LAP-3 

ISPR 

1.2 

LAP-4 

ISPR 

1.2 

LAP-5 

SYS 

1.2 

LAP-6 

SYS 

1.3 

LAC-1 

ISPR 

0.7 

LAC-2 

ISPR 

0.7 

LAC-3 

ISPR 

0.8 

LAC-4 

ISPR 

0.8 

LAC-5 

ISPR 

0.8 

LAC-6 

SYS 

0.8 
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Table 5.26.4-2 summarizes the reboost lifetime characteristics of Stage 26 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
tu.8 lbs/ft . Tne reboost is performed using the aft bus which currently has a reboost 
efficiency of 100%, while the zenith bus has fully expended its propellant load. For this 
stage there is sufficient propellant reserve on board the station to meet the skip cycle 
contingency reboost requirement. 


Table 5.26.4*2 Reboost Lifetime Characteristics 
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238 

1.483 

2.585 

-365 

218 


The control charateristics of Stage 26 are identical to Stage 25 in the design atmosphere. 
5.26.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shutde. 

There is a possibility of some indirect plume impingement of the aft P6 and S 1/PI radiators 
trom the aft bus attitude control thrusters. 

This stage does not provide a good microgravity environment. 
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5.27 Stage 27 Flight Characterization 

5.27.1 Stage 27 - Flight 2J/A Shuttle Flight Manifest 

The second joint Japanese- American assembly mission delivers the JEM Exposed 
Facility and support equipment. Table 5.27.1-1 lists the Shuttle Flight Manifest for Stage 
27 - Flight 2J/A. The total mass of the station hardware to orbit is 14540 lbs and FSE 
mass of 4475. The second section of the table shows the Shuttle Performance and 
hardwarc/consumables required for the mission resulting in the net Shuttle Lift 
Capability of 26216 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware 
and FSE subtotals from this amount gives a mission flight margin of 7201 lbs. 

5.27.2 Stage 27 Configuration 

Figure 5.27.2-1 displays the isometric view of Stage 27 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.27.2-2 shows the front, side, top and 
isometric views of Stage 27 with the Shuttle attached. 

5.27.3 Flight 2 J/A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 26 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 2 J/A is a 7 day mission with 1 EVA. The SRMS unberths the JEM EF from the 
Shuttle payload bay and hands off the element to the SSRMS. The JEM EF is berthed to 
the JEM PM by attaching it to the JEM PM/EF Berthing Mechanism. The SSRMS 
removes the ULC, containing the PV battery sets and BCDU, from the payload bay and 
attaches it to the MBS. The 2 PV battery sets / BCDUs are then installed on the P6 IEA 
on the next day, utilizing the SSRMS/SPDM. The JEM ELM-ES is unberthed from the 
Shuttle payload bay by the SRMS and handed-off to the SSRMS. The element is 
subsequently attached to the JEM EF. Upon completing the installation of the 2 PV 
battery sets via the SPDM, the SSRMS returns ULC to the payload bay. All JEM 
elements and JEM EF payloads are checked out and activated. 

Following separation, Stage 27 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 
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Stage 26 functionality, plus: 

• Activates JEM EF and JEM ELM-ES 

• JEM EF payloads capability 

• JEM unpressurized logistics capability 

• Full PV battery complement at P6 

56,800 W 

TBD 

12 crew-hours 

13,412 W (U.S. Housekeeping ) 
TBD W (Pav load) 

1,180 W (CSA) 

5,600 W (NASDA) 

TBDW 

6:30 crew-hours 


Resources Available: Power: 

Thermal: 

EVA: 

Resources Required: Power: 


Thermal: 

EVA: 



Table 5,27.1-1 Stage 27 - Flight 2J/A Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE 

JEM EF 

89 27 


JEM ELM-ES 

1761 


JEM ES Payloads 

1984 


IJLC-A 

DDC-A 


2675 

2 PV battery sets (on ULC) 

1868 

1540 

— subtotal 

14540 

4475 


Shuttle Performance 


Mass (lbs) 

Capability to 220 ft.mi. at 51.6 deg Inclination 


24 68 S 

Enhancements 


13000 

-1000 

Assembly Altitude delta (100 lbs per n.mi.) 


Additional Shuttle Performance Enhancements 


0 

-1980 

Variable Integrated Hardware 


Additional Attach Hardware 

990 

Additional Attach Hardware 

990 


Variable Shuttle Consumables 

1980 

-55 

Food & Gear (-55 Ibs/day over 6) 

55 

Middeck Lockers 

55 

-160 

-5374 

Generic Integrated Hardware 


External Airlock 

3000 

4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 

5374 

-1120 

-1780 

Maintenance Reserve 


Total Shuttle Lift Capability 


26216 


Mission Flight Margin I | 72oT~l 
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Figure 5.27.2-1 Stage 27 Configuration 
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5.27 Stage 27, Flight 2J/A Performance Characteristics 

Stage 27, Flight 2J/A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 3 
pair of double axis articulating PV arrays. The nominal launch date is June, 2002, 

?*p. 27 l n a +2(I atmosphere (solar flux = 152.7, geomagnetic index = 22.0) has a flight 
attitude of yaw = 0.0, pitch = 4.8, and roll = 0.0. The steady state microgravity 
environment is depicted in figure 5.27.4-1. Table 5.27.4-1 lists the U.S Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
m the given +2o atmosphere. This configuration contains 5 ISPR racks within the 1 ug 
environment. 6 


Tabic 5.27.4*1 Stage 27 US Lab Rack Steady State jig Level 


ifiack 


!Type :: 


niicro-E 


LAS-1 


LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 

LAC-6 


ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 


m 










Table 5.27.4-2 summarizes the reboost lifetime characteristics of Stage 27 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
11.3 lbs/ft 2 . The reboost is performed using the aft bus which currently has a reboost 
efficiency of 100%, while the zenith bus has fully expended its propellant load. For this 
stage there is insufficient propellant reserve on board the station to meet the skip cycle 
contingency reboost requirement. 


Table 5.27.4-2 Reboost Lifetime Characteristics 
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The control characteristics of Stage 27 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.27.4-2. Table 5.27.4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.27.4-3 Control Characteristics Summary 




^^'••vAtfitude 

AttitudelNi 




wm 

Pitch :• • 


1:1 

; Momentum 

no STS 

3.5 degrees 

3.2 degrees 

-0.5 degrees 

± 1.0 degrees 

11.600 N-m-s 

w/STS 

23.0 degrees 

43.4 degrees 

-4.0 degrees 

± 1.9 degrees 

1 1.300 N-m-s 


The control characteristics of Stage 27 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figure 
5.27.4-3. Table 5.27.4-3 summarizes the control characteristics depicted in the plots. 


5.27.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and Sl/Pl radiators 
from the aft bus attitude control thrusters. 

For this stage there is insufficient propellant reserve on the bus to meet the skip cycle 
contingency reboost requirement. 
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Figure 5.27.4-2 Stage 27 control plots with Shuttle attached. 
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Figure 5.27.4-3 Stage 27 control plots with Shuttle attached. 







5.28 Stage 28 Flight Characterization 

5.28.1 Stage 28 - Flight 15A Shuttle Flight Manifest 

The STS delivers the S6 truss segment. Table 5.28.1-1 lists the Shuttle Flight Manifest 
for Stage 28 - Flight 15 A. The total mass of the station hardware to orbit is 26886 lbs. 
The second section of the table shows the Shuttle Performance and hardware/ 
consumables required for the mission resulting in the net Shuttle Lift Capability of 
29092 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE 
subtotals from this amount gives a mission flight margin of 2206 lbs. 

5.28.2 Stage 28 Configuration 

Figure 5.28.2-1 displays the isometric view of Stage 28 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.28.2-2 shows the front, side, top and 
isometric views of Stage 28 with the Shuttle attached. 

5.28.3 Flight 15A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 27 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 15A is a 9 day mission with 3 EVAs. Installation of S6 begins with the SSRMS 
unberthing S6 from the Shuttle payload bay. The SSRMS handsoff the element to the 
SRMS, and then the SSRMS relocates to the MBS PDGF. Following a hand-off of the 
element back to the SSRMS, it is berthed to the POA on the MBS. The SSRMS then 
positions S6 for attaching it to S5. EVA umbilical connections complete the installation 
of S6. Subsequently, the stowed ETCS radiator on P6 is relocated to S6 to function as 
the S6 PV radiator, the upper and lower PV arrays and the newly installed IEA radiator 
are deployed and activated. SSRMS/EVA installs the S5/S6 MT/CETA rails. 

Following separation. Stage 28 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 

System Resource/Functionality 
Stage 27 functionality, plus: 

• Fourth solar Power Module (S6) activated w/ 4 batteries per channel 


Resources Available: Power: 

69,700 W 


Thermal: 

TBD 


EVA: 

36 crew-hours 


Resources Required: Power: 

13,392 W 

(U.S. Housekeeping ) 


TBD W 

(Payload) 


1,1 80 W 

(CSA) 


5,600 W 

(NASD A) 

Thermal: 

TBD W 


EVA: 

35:20 crew-hours 
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Table 5.28.1-1 Stage 28 . Flight 15A Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE 

S6 TRUSS SEGMENT 

9482 


BG DEPLOYED 

1338 


IEA BATTERIES (4 Battery sets) 

4968 


S5/S6 MT RAILS 

735 


S6 PV SPACER 

5072 


SOA PVA DEPLOYED 

2646 


SOF PVA DEPLOYED 

2646 


subtotal 

26886 

0 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


-1000 

Additional Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


-238 

Variable Shuttle Consumables 


-421 

Food & Gear (-55 lbs/day over 6) 

165 


5 th & 6th N2 tanks (@128 lbs/N2) 

256 



421 


Middeck Lockers 


-160 

Generic Integrated Hardware 


-5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 
Maintenance Reserve 

5374 

-1000 

-400 

Total Shuttle Lift Capability 


29092 


[ 


Mission Flight Margin | 


2206 | 
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Stage 28, Flight 15A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4 
pairs of double axis articulating PV arrays. The nominal launch date is August, 2002. 

Stage 28 in a +2o atmosphere (solar flux = 148.1, geomagnetic index = 22.2) has a flight 
attitude of yaw = -1.9, pitch = 4.6, and roll = 0.3. The steady state microgravity 
environment is depicted in figure 5.28.4-1. Table 5.28.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
m the given +2o atmosphere. This configuration contains 5 ISPR racks within the 1 ug 
environment. 


Table 5.28.4*1 Stage 28 US Lab Rack Steady State pg Level 
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Table 5.28.4-2 summarizes the reboost lifetime characteristics of stage 28 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
9.5 lbs/ft 2 . The reboost is initiated using the aft Bus, which currently has a reboost 
efficiency of 100%, until it expends all of its on board propellant. An additional 231 lbs of 
propellant is required to fully reboost the station. At this point in the assembly sequence 
the zenith bus has also fully expended its propellant load. For this stage there is 
insufficient propellant reserve on board the station to meet the skip cycle contingency 
ieboost requirement. 

Table 5.28.4*2 Reboost Lifetime Characteristics 


:;W Attitude 

■is;.iReboost:y 

|J;:Altitude!i| 

.Reboost} '4 

— 

Zenith Bus 
1?: Propellant : Jf 
Remaining Afterf 
Reboost (lbs.) ? 

Lifetime at 

Altitude [?•:!' 
: !'Mdavs) 

230 

238 

1.709 

-231 

-365 

206 


The control characteristics of Stage 28 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.28.4-2. Table 5.28.4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.28.4*3 Control Characteristics Summary 



: : -%>Attitude 1§§; 

Attitude • 





IS" Yaw 

iUiV- 

» Rou?»*r? 


Momentum 

no STS 


MSEU«5!33!SM 

0.3 degrees 


7800 N-m-s 

w/STS 





5900 N-m-s 


The control characteristics of Stage 28 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figure 
5.28.4-3. Table 5.28.4-3 summarizes the control characteristics depicted in the plots. 


5.28.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and Sl/Pl radiators 
from the aft bus attitude control thrusters. 

For this stage there is insufficient propellant reserve on the bus to meet the skip cycle 
contingency reboost requirement. 
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Figure 5.28.4-3 Stage 28 control plots with Shuttle attached. 










5.29 Stage 29 Flight Characterization 

5.29.1 Stage 29 - Flight BF-2 Flight Shuttle Manifest 

This Shuttle llight provides the second Bus- 1 resupply. Table 5.29. 1 - 1 lists the Shuttle 
Flight Manifest for Stage 29 - Flight BF-2. The total mass of the station hardware to orbit 
is 25000 lbs. The second section of the table shows the Shuttle Performance and 
hardwarc/consumables required for the mission resulting in the net Shuttle Lift 
Capability of 29458 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware 
and FSE subtotals from this amount gives a mission night margin of 4458 lbs. 

5.29.2 Stage 29 Configuration 

Figure 5.29.2-1 displays the isometric view of Stage 29 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.29.2-2 shows the front, side, top and 
isometric views of Stage 29 with the Shuttle attached. 

5.29.3 Flight BF-2 Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 28 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 


Flight BF-2 is a 7 day mission with 0 EVAs. The purpose of this flight is to replace the 
Bus-1 which is attached to the stinger located on the Z1 truss (the “zenith” Bus-1). The 
SSRMS is repositioned on the stinger grapple fixture. The SSRMS then grapples the 
spent Bus-1 and hands it to the SRMS. The SSRMS remains in this position while the 
SRMS places the spent bus in the Shuttle cargo bay and grappas the replacement Bus-1. 
The Bus-1 is then handed back to the SSRMS and installed on the stinger. 

Following separation, Stage 29 flight mode is LVLH with the Nodel/Lab section aligned 
along the velocity vector. 


System Resource/Functinnality 
Stage 28 functionality, plus: 

• Bus- 1 swapped to ensure adequate fuel supply 


Resources Available: Power: 

69,700 W 


Thermal: 

TBD 


EVA: 

0 crew-hours 


Resources Required: Power: 

13,392 W 

(U.S. Housekeeping) 


TBDW 

(Payload) 


1.180 W 

(CSA) 


5,600 W 

(NASD / U 

Thermal: 

TBDW 


EVA: 

0 crew-hours 
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Table 5.29.1-1 Stage 29 - Flight BF-2 Flight Shuttle Manifest 


Hardware 

Mass (lbs) 

I'SE 

Bus-1 

25000 


subtotal 

25000 

0 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


-KMX' 

Additional Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


-238 

Variable Shuttle Consumables 


-55 

Food & Gear (-55 Ibs/day over 6) 

55 



55 


Middeck Lockers 


-160 

Generic Ir tegrated Hardware 


- 5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 



5374 


Weight Growth Reserve 


-1000 

Maintenance Reserve 


-400 

Total Shuttle Lift Capability 


29458 


i Mission Flight Margin 1 " j 445g | 









5.29.4 Stage 29, Bus Flight 2 Performance Characteristics 

Stage 29, Flight BF-2 is assembled in a 230 n.mi. altitude in an LVLH flight mode with 4 
pairs of double axis articulating PV arrays. The nominal launch date is October, 2002. 

Stage 29 in a +2o atmosphere (solar flux =141.1, geomagnetic index = 22.8) has a flight 
attitude of yaw = -1.9, pitch = 4.6, and roll = 0.3. The steady state microgravity 
environment is depicted in figure 5.29.4- 1 . Table 5.29.4- 1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
in the given +2o atmosphere. This configuration contains 5 ISPR racks within the 1 pg 
environment. 


Table 5.29.4-1 Stage 29 US Lab Rack Steady State |xg Level 


MSI 




laicroisri 


ISPR 

1.1 

ISPR j 

1.2 

ISPR 

1.2 

ISPR 

1.2 

SYS 

1.3 

SYS 

1.3 

SYS 

1.7 

SYS 

1.7 

SYS 

1.7 

SYS 

1.8 

SYS 

1.8 

SYS 

1.9 

ISPR 

1.1 

ISPR 

1.1 

ISPR 

1.1 

ISPR 

1.2 

SYS 

1.2 

SYS 

1.3 

ISPR 

0.5 

ISPR 

0.5 

ISPR 

0.6 

ISPR 

0.6 

ISPR 

0.7 

SYS 

0.7 







Figure 5.29.4-1 Stage 29 steady-state microgravity environment contours. 
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3^!fi: 29 - 4 - 2 summarizes the reboost lifetime characteristics of Stage 29 assuming +2o 

"S Solar / y( i ,e (J u Uly 1995 start) * and a ballistic cSm c of 
efficiency rf S ^9™^ “TO *® *“* bus which currently has a reboost 

2SJ2&M* Whll « lhe ^ bus has fully expended its propeUant load. For this stage 

SbSLst r^uS^me P m )PeUant reSerVe ° n ^ the Stati ° n 10 meet ** skip cycle con bngen?y 


lible 5.29.4-2 Reboost Lifetime Characteristics 


| Rmfczvom 

§§ Rehoost'H 
Altitude |||| 

;:®|RebpoSt^:|l : : 

Propellant 

ifgfXibs) 'f 

jAftBusl^peUant 

| ;; 

it Reboost ? 

^ • Ohs.) •• •> 

f K' ilht^Unit'^S 
jReras^ingHft^:? 
P!Reb^st : ribs^M 


. 230 

239 

2.058 

-231 

9.542 

223 


the control characteristics are the same as stage 28 in the design atmosphere. 


5.29.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 
KKSStt* impingement of the af, P6 and Sl/Pl ntdia,ors 
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5.30 Stage 30 Flight Characterization 

5.30.1 Stage 30 • Flight UF-7 Shuttle Flight Manifest 

This Shuttle flight delivers the seventh utilization flight. Table 5.30.1-1 lists the Shuttle 
Flight Manifest for Stage 30 - Flight UF-7. The total mass of the station hardware to 
orbit is -14390 lbs. The second section of the table shows the Shuttle Performance and 
hardwarc/consumables required for the . lission resulting in the net Shuttle Lift 
Capability of 25294 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware 
and FSE subtotals from this amount gives a mission flight margin of 199 lbs. 

5.30.2 Stage 30 Configuration 

Figure 5.30.2-1 displays the isometric view of Stage 30 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.30.2-2 shows the front, side, top and 
isometric views of Stage 30 with the Shuttle attached. 

5.30.3 Flight UF-7 Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 29 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight UF-7 is a 12 day mission with 0 EVAs. The SRMS unberths the MPLM from the 
Shuttle payload bay and installs it on the Node 2 nadir port CBM. Upon completion of 
the rack exchange, the MPLM is returned to payload bay. 

Following separation, Stage 30 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 


System Re source/Functionalitv 
Stage 29 functionality, plus: 

• No additional functionality added on this flight 


Resources Available: Power: 

69,700 W 


Thermal: 

TBD 


EVA: 

0 crew-hours 


Resources Required: Power: 

13,392 W 

(U.S. Housekeeping) 


TBD W 

(Payload) 


1,180 W 

(CSA) 


5,600 W 

(NASDA) 

Thermal: 

TBDW 


EVA: 

0 crew-hours 
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Table 5.30.1-1 Stage 30 - Flight UF-7 Shuttle Flight Manifest 


Mass (lbs' 


MPLM 
ISPRs (lab) 

JEM ELM PS / US Stowage Rack 3 


subtotal 
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5.30.4 Stage 30 f Flight UF-7 Performance Characteristics 

Stage 30, Flight UF-7 is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4 
pairs of double axis articulating PV arrays. The nominal launch date is December, 2002. 
btage 30 in a +2o atmosphere (solar flux = 132.4, geomagnetic index = 24.2) has a flight 
attitude of yaw = -1.9, pitch = 4.8, and roll = 0.3, The steady state microgravity 
environment is depicted in figure 5.30.4-1. Table 5.30.4-1 lists the U.S. Laboratoiy 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
in the given +2o atmosphere. This configuration contains 6 ISPR racks within the 1 ue 
environment. 


Table 5.30.4-1 Stage 30 US Lab Rack Steady State ug Level 


LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 

LAC-6 


ISPR 

ISPR 

1.1 

1.1 

ISPR 

ISPR 

1.2 

1.2 

SYS 

1.3 

SYS 

1.3 

SYS 

1.7 

SYS 

1.7 

SYS 

1.7 

SYS 

1.8 

SYS 

1.8 

SYS 

1.9 

ISPR 

1.0 

ISPR 

1.1 

ISPR 

1.1 

ISPR 

1.2 

SYS 

1.2 

SYS 

1.2 

ISPR 

0.5 

ISPR 

0.5 

ISPR 

0.6 

ISPR 

0.6 

ISPR 

0.7 

SYS 

0.7 
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Table 5.30.4-2 Reboost Lifetime Characteristics 


|; Rendezvous .. 
%•. Altitude 
(n.mi.) " 

Reboost 
Mitude;: ■ 

Rcboost ; ; 
ItopeUaritXv; 

AftBusJftppellant 

Zenith Bus 

1 U fetime at 
:;;R^ezvous:j 

ISvlAititude-1"-*: 

230 

236 

1,428 

-231 

8.113 

270 


^®[^ atro1 characteristics of Stage 30 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.30.4-2 Table 5 30 4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.30.4*3 Control Characteristics Summary 




m 

.§§ 

^|' : #tdtude:-;x- 

•' COVlaiion ■ -s-^i ' Momenlum 

no STS 

_ -1.8 dearees 

2.1 dearees 

0.3 dearees 

± 0.4 decrees 1 7R00 M.m.« 

w/STS 

. -3.4 dearees 

44.0 dearees 

-1.8 dearees 

l ± 1. / dearees 1 6600 N-m-s 


iSSS^ characteristics of Stage 30 (attached Shuttle) under design atmosphere 

Sin??® SJf n?? noimnal . cc^cr (momentum emphasis) are displayed in figure 
5.30.4-3. Table 5.30.4-3 summarizes the control characteristics depicted in the plots. 


5.30.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

impinsemem of W * 1/PI radiators 
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Figure 5.30.4-3 Stage 30 control plots with Shuttle attached. 









5.31 Stage 31 Flight Characterization 

5.31.1 Stage 31 - Flight 14A Shuttle Flight Manifest 

The Shuttle delivers the centrifuge. Table 5.31.1-1 lists the Shuttle Flight Manifest for 
Stage 31 - Flight 14A. The total mass of the station hardware to orbit is 24255 lbs. The 
second section of the table shows the Shuttle Performance and hardware/consumables 
required for the mission resulting in the net Shuttle Lift Capability of 25735 lbs to 230 
n.mi. at an inclination of 51.6°. Subtracting the hardware and FSE subtotals from this 
amount gives a mission flight margin of 1480 lbs. 

5.31.2 Stage 31 Configuration 

Figure 5.31.2-1 displays the isometric view of Stage 31 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.31.2-2 shows the front, side, top and 
isometric views of Stage 31 with the Shuttle attached. 

5.31.3 Flight 14A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 30 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 14A is a 9 day mission with 1 EVAs. The SRMS unberths the Centrifuge Module 
from the Shuttle payload bay and installs it on the Node 2 zenith port CBM. EVA 
crewmembers complete the installation by connecting the umbilicals to the Centrifuge 
Module. Assembly, activation and checkout of the centrifuge are performed by the crew 
prior to departure. 

Following separation, Stage 31 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 


System Resource/Functionalitv 
Stage 30 functionality, plus: 

• No additional functionality added on this flight 


Resources Available: Power: 

69,700 W 


Thermal: 

TBD 


EVA: 

12 crew-hours 


Resources Required: Power: 

16,691 W 

(U.S. Housekeeping) 


TBDW 

(Payload) 


1,180 W 

(CSA) 


5,600 W 

(NASDA) 

Thermal: 

TBD W 


EVA: 

12:00 crew-hours 


Table 5.31.1-1 Stage 31 - Flight 14A Shuttle Flight Manifest 

B ardware " I Mass (lbs ' 


Centrifuge 


Shuttle Performance 


subtotal 


24255 


Muss (lbs 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
Variable Shuttle Consumables 
Additional Crew (500 Ibs/crew) 

Food & Gear (-55 lbs/day over 6) 

5th & 6th N2 tanks (@ 128 lbs/N2) 

5th Ctyo Tank & Fluid 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER 

Misc integration hardware 
Attach Hardware 

Weight Growth Reserve 
Maintenance Reserve 


Total Shuttle Lift Capabili 


m 


25735 


Mission Flight Margin 














5.31.4 Stage 31, Flight 14A Performance Characteristics 


?S£ e 3 1, J Fli f, ht 14 - A is ? ss , en ? bled at a 230 n.mi. altitude in an LVLH flight mode with 4 
pairs of double axis articulating PV arrays. The nominal launch date is February, 2003. 

. 31 l n a +2<J a , t ? 0S P h ® re < solar flux * 1 19.5, geomagnetic index = 25) has a flight 
attitude of yaw = -1.8,. Ditch s nnH mil = n a ctAa/i « t otnfa 


J r ” * *•'**'* £vw*iiag uwuw IUUCA = 4.J) naS 3 IllCf 

attitude of yaw = -1.8, pitch = 2.6, and roll = 0.4. The steady state microgravity 

is depicted in figure 5.31.4-1. Table 5.31.4-1 lists the U.S. Laboratory 
rpe, and the maximum steady state minnmvitv »nc.^ .u__ 


environment 
racks 
in 

environment. 


‘ Uc ^ 1 r l f u m n P ure table 5.31.4-1 lists the U.S. Laboratory 

-ks, their type, and the maximum steady state microgravity level sensed during the orbit 

^onment aatm0SPhere ’ TWs conflguration contains 5 ISPR racks within die 1 ng 


Table 5.31.4-1 Stage 31 US Lab Rack Steady State jig Level 


; .Rack 


^inIc'ro*B : - M 

LAS-1 

ISPR 

1.2 

LAS-2 

ISPR 

1.3 

LAS-3 

ISPR 

1.3 

LAS-4 

ISPR 

1.3 

LAS-5 

SYS 

1.3 

LAS-6 

SYS 

1.3 

LAF-1 

SYS 

1.8 

LAF-2 

SYS 

1.8 

LAF-3 

SYS 

1.8 

LAF-4 

SYS 

1.9 

LAF-5 

SYS 

1.9 

LAF-6 

SYS 

1.9 

LAP-1 

ISPR 

1.2 

LAP-2 

ISPR 

1.2 

LAP-3 

ISPR 

1.2 

LAP-4 

ISPR 

1.2 

LAP-5 

SYS 

1.3 

LAP-6 

SYS 

1.3 

LAC-1 

ISPR 

0.6 i 

LAC-2 

ISPR 

0.6 

LAC-3 

ISPR 

0.6 

LAC-4 

ISPR 

0.7 

LAC-5 

ISPR 

0.7 

LAC-6 

SYS 

0.7 
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Figure 5.31.4-1 Sage 31 steady-state microgravity environment contours. 
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Table 5.31.4-2 summarizes the reboost lifetime characteristics of Stage 31 assuming +2o 
condiUons, an early solar cycle (July 1995 start), and a ballistic coefficient of 
v.y lbs/lt . The reboost is performed using the zenith Bus which currenUy has a reboost 
efficiency of 84%, while the aft bus has fully expended its propellant load. For this stage 
tnere is sufficient propellant reserve on board the station to meet the skip cycle contingency 
reboost requirement. 67 


Table 5.31.4*2 Reboost Lifetime Characteristics 


Rtmtfezyoos: 
•*f; Altitude III 

v ;:;- •(n.ml.Jif •' 

|| : : : Jteboo$t.; ; . 

I^RcbOPSt A/.;-:': 

Aft Bus Propellant 
Remaining After 
Reboost '-WS; 
lii:..-iflbs.) !-fS 

Zenith Bus 
Ptppdlant 
Remaining After 
Reboost (Ibs^l i 

I Lifetime at 
Rendezvous 

§i; 

230 

236 

1.458 

-231 

6.655 

275 


The control characteristics of Stage 31 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.31.4-2. Table 5.31.4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.31.4*3 Control Characteristics Summary 



lit rAititude ill 

IliS Yaw -v 


i: Roll 

;|i/:hlaximum 


no STS 

-1.8 degrees 

0.2 degrees 

0.4 degrees 

± 0.5 degrees 

7700 N-m-s 

w/STS 

-3.3 degrees 

44.4 degrees 

-1.7 degrees 

± 0.7 degrees 

6200 N-m-s 


The control characteristics of Stage 31 (attached Shuttle) under design atmosphere 

l h | 1 P P? norTUnal . controller (attitude emphasis) are displayed in figure 
o. j l .4o. i able 5.3 1 .4-3 summarizes the control characteristics depicted in the plots. 

5.31.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

there is a possibility of some indirect plume impingement of the aft P6 and S 1/PI radiators 
from the aft bus attitude control thrusters. 
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Figure 5.31.4-2 Stage 31 control plots without Shuttle attached. 
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5.32 Stage 32 Flight Characterization 

5.32.1 Stage 32 « Flight IE Shuttle Flight Manifest 

Assembly Flight IE delivers the European Space Agency’s Attached Pressurized 
o ulc (APM). Table 5.32 1-1 lists the Shuttle Flight Manifest for Stage 32 - Flight IE 
The total mass of the station hardware to orbit is 26467 lbs. The second section of the 
table shows the Shuttle Performance and hardware/consumablcs required for the mission 
resulting in the net Shuttle Lift Capability of 27908 lbs to 230 n.mh at an inclination of 
.6 . Subtracting the hardware and FSE subtotals from this amount gives a mission 
flight margin of 1441 lbs. 

5.32.2 Stage 32 Configuration 

Figure 5.32.2- 1 displays the isometric view of Stage 32 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.32.2-2 shows the front, side, top and 
isometric views of Stage 32 with the Shuttle attached. 

5.32.3 Flight IE Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 31 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation, 

Right IE is a 9 day mission with 1 EVA. The SRMS unberths the ESA COF from the 
Shuttle payload bay, and hands off the element to the SSRMS, which then attaches the 

Node 2 CBM - The si "gle EVA involves disconnecting the 
PMA3-to-Nodel umbilical: to enable PMA3 relocation. The SSRMS relocates PMA3 
from the Node 1 nadir port to the Node 2 nadir port (no umbilical connections are made) 
l his is a temporary storage location until the Hab is installed on Node 1 . 

Following separation, Stage 32 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. ® 


I 
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System Resnurw/F\mtti»nnlity 
Stage 31 functionality, plus: 

• ESA CQF attached to sthd-sidc of Node 2 

• Full activation of all COF systems 

• First COF ingress 

• COF fully outfitted ( 1 0 ISPR’s, 3 stowage racks delivered) 


Resources Available: Power: 
Thermal: 

EVA: 

Resources Required: Power: 


Thernml: 

EVA: 


69,700 W 
TBD 

12 crew-hours 

16,691 W (U.S. Housekeeping ) 
TBD W (Payload) 

1,180 W (CSA) 

2.600 W (ESA) 

5.600 W (NASDA) 

TBDW 

3:00 crew-hours 
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Table 5.32.M Stage 32 • Flight IE Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSF. 

APM 



core 

18640 


APM System Rack-1 

507 


APM System Rack-2 

728 


APM System Rack-3 

728 


APM System Rack-4 

540 


APM System Rack-S 

540 


APM Stowage Rack-1 

375 


APM ISPR 1 Rack 

882 


APM JSPR 2 Rack 

882 


APM ISPR 3 Rack 

882 


APM ISPR 4 Rack 

882 


APM ISPR 5 Rack 

882 


subtotal 

26467 

0 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.tni. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


-1000 

Additional Shuttle Performance Enhancements 


o 

Variable Integrated Hardware 


-1150 

Variable Shuttle Consumables 


-293 

Food & Gear (-55 Ibs/day over 6) 

165 


5th & 6th N2 tanks (@ 128 lbs/N2) 

128 


Middeck Lockers 

293 

-160 

Generic Integrated Hardware 


-5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 

5374 

-1000 

Maintenance Reserve 


-800 

Total Shuttle Lift Canabllity 


27908 


1 Mission Flight Margin I | 1441 I 
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Figure 5.32.2-2 Stage 32 Configuration with Shuttle 



5.32 Stage 32, Flight IE Performance Characteristics 

F1 uf ht is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4 
p s of double axis articulating PV arrays. The nominal launch date is April, 2003. 

attinfde^fvfl a i°JJ° Sp ^ r ! i S c lar fl , ux = 1 18 * 7 * geomagnetic index = 24.5) has a flight 
. ysw — • -1.0, pitch = 5.5, and roll = 0,2. The steady state microcravitv 

fh^ nment J S ? epiCte - d in flgure 5 ' 32 - 4 ’ 1 - Ta ble 5.32.4-1 lfsts the U.S Laboratorv racks 
^ the maximum steady state microgravity level sensed during the orbitTn the ’ 

emSonmen? n0SPhere ‘ THlS conflguration con tains 6 ISPR racks within die 1 jig 


Table 5.32.4*1 Stage 32 US Lab Rack Steady State ng Level 


Kaon 


Type 


ihicro-g 


LAS-1 

LAS-2 

LAS-3 

LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 


ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

SYS 

SYS 

ISPR 

ISPR 

ISPR 

ISPR 

ISPR 


1.1 

1.1 

1.2 

1.2 

1.3 

1.3 

1.6 

1.7 

1.7 

1.8 
1.8 
1.9 
1.0 
1.1 
1.1 
1.2 
1.2 
1.3 
0.4 
0.5 
0.5 
0.6 
0.6 
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Figure 5.32.4-1 Stage 32 steady-state microgravity environment contours, 








Table 5.32.4-2 summarizes the reboost lifetime characteristics of Stage 32 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
10.3 lbs/ft 2 . The reboost is performed using the zenith Bus which currently has a reboost 
efficiency of 81%, while the aft bus has fully expended its propellant load. For this stage 
there is sufficient propellant reserve on board the station to meet the skip cycle contingency 
reboost requirement. 


Table 5.32.4-2 Reboost Lifetime Characteristics 


|J: 

(mini,) 

i; : ':Rebqost^f§ 

H Attitude If 

^Propeliaiii® 
(tbs.)' | 

l§§§ 

§| Propellant 
Remaining After 
HH fibs.) 1 # 

;; : .;Pfbdineat : :Q 

: : ; 

Attitude 

(days) 

230 

235 

1.434 

-231 

5.222 

309 


The control characteristics of Stage 32 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.32.4-2. Table 5.32.4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.32.4-3 Control Characteristics Summary 


•. - • 

lijgsiil 

1 


?4;ft:AttitjidieiiM 

11 

H Maximum 
Deviation .. 

11 Momentum : : 

no STS 

-1.0 decrees 




7300 N-m-s 

w/STS 

•2.3 degrees 


•1.3 degrees 


6300 N-m-s 


The control characteristics of Stage 32 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figure 
5.32.4-3. Table 5.32.4 3 summarizes the control characteristics depicted in the plots. 


5.32.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and S 1/PI radiators 
from the aft bus attitude control thrusters. 
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Figure 5.32.4-3 Stage 32 control plots with Shuttle attached. 









5.33 Stage 33 Flight Charaterization 

5.33.1 Stage 33 - Flight 16A Shuttle Flight Manifest 

The Shuttle delivers the U.S. Habitation Module. Table 5.33.1-1 lists the Shuttle Flight 
Manifest for Stage 33 - Flight 16A. The total mass of the station hardware to orbit is 
27502 lbs. The second section of the table shows die Shuttle Performance and 
hardwarc/consumablcs required for the mission resulting in the net Shuttle Lift 
Capability of 29123 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware 
and FSE subtotals from this amount gives a mission flight margin of 1621 lbs. 

5.33.2 Stage 33 Configuration 

Figure 5.33.2-1 displays the isometric view of Stage 33 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.33.2-2 shows the front, side, top and 
isometric views of Stage 33 with the Shuttle attached. 

5.33.3 Flight 16A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 32 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 16A is an 8 day mission with 2 EVAs. The SSRMS performs a direct unberthing 
of the Hab from the Shutde payload bay and attaches the element to the Node 1 nadir 
CBM. The two EVAs involve umbilical connections and removal of the thermal cover 
from the Hab nadir. The SSRMS then relocates PMA3 from the Node 2 nadir port to 
the Hab nadir port. 

Following separation. Stage 33 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 
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System Rcsourcc/Functionalitv 
Stage 32 functionality, plus: 

• Hab attached to Nadir port of Node 1 

• Delivery and activation of the Hab Module 

• Provides additional volume and system redundancy 

• Provides additional crew habitability equipment 


Resources Available: Power: 

Thermal: 

EVA: 

Resources Required: Power: 


Thermal: 

EVA: 


69,700 W 
TBD 

24 crew-hours 

18,259 W (U.S. Housekeeping) 

TBD W (Paxload) 

1,180 IV (CSA) 

2.600 W (ESA) 

5.600 W (NASDA) 

TBD W 

17:20 crew-hours 
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jn, 


i 


US Habitation Module (’ore 
US Hab CA/LT TCS Rack - IIAP6 
US I lab Avionics 1 Rack - HAC6 
US Hab Avionics 2 Rack - HAI'l 
US Hab ARS Rack - IIA1'6 
US Hab Wardroom Rack 1 - MAPI 
US Hab Wardroom Rack 2 - HAP2 


22789 

935 

716 

639 

1333 

695 

395 


subtotal 


Shuttle Performance ' 


Capability to 220 n.mi. at 51.6 deg Inclination 
Enhancements 

Assembly Altitude delta (100 lbs per n.mi.) 
Additional Shuttle Performance Enhancements 
Variable Integrated Hardware 
Variable Shuttle Consumables 
Food & Gear (-55 lbs/day over 6) 

5th N2 tanks (@128 lbs/N2) 

Middeck Lockers 
Generic Integrated Hardware 
External Airlock 
4th Cryo Tank Fluids 
3rd EMU 
SAFER 

Misc integration hardware 
Attach Hardware 


24685 

13000 

-1000 

0 

0 

238 


Weight Growth Reserve 
Maintenance Reserve 


Total Shuttle Lift Capabili 


29123 


Mission Eiieht Margin 











Figure 5 








5.33 Stage 33, Flight 16A Performance Characteristics 

Stage 33, Flight 16A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4 
pairs of double axis articulating PV arrays. The nominal launch date is June, 2003. 

Stage 33 in a +2o atmosphere (solar flux = 1 19.8, geomagnetic index = 22.8) has a flight 
attitude of yaw = 0.0, pitch = 1.0, and roll = 0.5. The steady state microgravity 
environment is depicted in figure 5.33.4-1. Table 5.33.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
m the given +2o atmosphere. This configuration contains 5 ISPR racks within the 1 ug 
environment and all the ISPR racks are less than 1 .2 pg. 




Table 5.33.4-1 Stage 33 US Lab Rack Steady State pg Level 


micro 


LAS-4 

LAS-5 

LAS-6 

LAF-1 

LAF-2 

LAF-3 

LAF-4 

LAF-5 

LAF-6 

LAP-1 

LAP-2 

LAP-3 

LAP-4 

LAP-5 

LAP-6 

LAC-1 

LAC-2 

LAC-3 

LAC-4 

LAC-5 

LAC-6 
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Table 5.33.4-2 summaries the reboost lifetime characteristics of Stage 33 assuming +2o 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
10.7 lbs/ft 2 . The reboost is performed using the zenith Bus which currently has a reboost 
efficiency of 83%, while the aft bus has fully expended its propellant load. For this stage 
there is sufficient propellant reserve on board the station to meet the skip cycle contingency 
reboost requirement. 


Table 5.33.4-2 Reboost Lifetime Characteristics 


ii mmmm 

;,:\r.(n;i!rif.)|:f 

- Reboost 
: ||< Altitude 
(rural.) 

;:>.F^bp^l1arifc?iy : 

(fos.) gg; 

1111 Reboost' • 

:;f£t(ibs.) |*| 

' ‘ Remaining After 
:; ijReboost(lbs.) 


1 230 

234 

1,186 

-231 

4.036 

346 


The control characteristics of Stage 33 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.33.4-2. Table 5.33.4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.33.4-3 Control Characteristics Summary 


iiiilii 


Attitude Hi 

9H 1 

mm wm m 

* Maximum; §|§ 
Deviation II 

Illlil! 

no STS 

1 0.0 degrees 


0.5 degrees 

± 0.5 degrees 

8500 N-m-s 


BEHIS339H 

43.5 degrees 

HE5E33^BI 

IHHIHSISSSSBi 

7100N-m-s 


The control characteristics of Stage 33 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figures 
5.33.4-3. Table 5.33.4-3 summarizes the control characteristics depicted in the plots. 


5.33.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and Sl/Pl radiators 
from the aft bus attitude control thrusters. 
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Figure 5.33.4-2 Stage 33 control plots without Shuttle attached. 
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Figure 5.33.4-3 3 control plots with Shuttle attached. 












5.34 Stage 34 Flight Characterization 

5.34.1 Stage 34, Flight 17A Shuttle Flight Manifest 

The Shuttle delivers the MPLM outfitted with U.S. Habitation racks. Table 5.34. 1- 1 lists 
the Shuttle Flight Manifest for Stage 34 - Flight 17A. The total mass of the station 
hardware to orbit is 10913 lbs and FSE mass of 15101 lbs. The second section of the 
table shows the Shuttle Performance and hardware/consumables required for the mission 
resulting in the net Shuttle Lift Capability of 27501 lbs to 230 n.mi. at an inclination of 
51.6°. Subtracting the hardware and FSE subtotals from this amount yields a mission 
flight margin of 1487 lbs. 

5.34.2 Stage 34 Configuration 

Figure 5.34.2- 1 displays the isometric view of Stage 34 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.34.2-2 shows the front, side, top and 
isometric views of Stage 34 with the Shuttle attached. 

5.34.3 Flight 17A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 33 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

The SSRMS unberths the MPLM from the Shuttle payload bay and then berths the 
element to the Node 2 nadir port for Hab/Lab systems outfitting. The SSRMS directly 
unberths the ULC from the Shuttle payload bay and installs the element on the MSC. The 
MSC translates to S6 where PV battery sets (2) are installed using the SPDM. Upon 
completion of offloading the MPLM, the Lab temporary CHeCS rack is transferred into 
the MPLM and the SRMS returns the MPLM to the payload bay. 

Following separation. Stage 34 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 
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System Resouree/Functionalitv 
Stage 33 functionality, plus: 

• 9 racks delivered and activated 

• Full PV battery complement on S6 


Resources Available: Power: 

76,200 W 


Thermal: 

TBD 


EVA: 

0 crew-hours 


Resources Required: Power: 

19,683 W 

(U.S. Housekeeping ) 


TBDW 

(Payload) 


1,180 W 

(CSA) 


2,600 W 

(ESA) 

Thermal: 

EVA: 

5,600 W 
TBDW 

0 crew-hours 

(NASD/ K) 


Thermal: 

EVA: 



Table 5.34.M Stage 34 Flight 17A Shuttle Flight Manifest 


Hardware 


Mass (lbs 


MPLM 

US Lab Fuel Cell Water - I.AF4 
US Hab Water Processor - tAF3 
US Hab Urine Processor - HAF4 
US Hab Waste Management • HAP5 
US Hab Full Body Cleansing - HAP4 
US Hab Galley/Oven/Drink - HAS1 
US Hab Crew Health Rack 1 - HAC4 
US Hab EHS CHeCS Rack 2 - HAC5 
US Hab CMS CHeCS Rack 3 - HAS4 
ULC-B 
DDC-B 

2 PV battery sets for S6 PV(on ULC) 


i subtotal 1 

10913 1 

15101 1 


Shuttle Performance 


ill II III ll 

Capability to 220 n.mi. at 31.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


-1000 

Addiuwiiai Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


-990 

Additional Attach Hardware 

990 



990 


Variable Shuttle Consumables 


-110 

Food & Gear (-55 Ibs/day over 6) 

110 



110 


Middeck Lockers 


-160 

Generic Integrated Hardware 


- 5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growth Reserve 
Maintenance Reserve 

5374 

-2080 
- 470 

Total Shuttle Lift Capability 


27501 


Mission Flight Margin 















Figure 5.34.2-1 Stage 34 Configuration 



Figure 5.3 



5.34.4 Stage 34, Flight 17A Performance Characteristics 

Stage 34, Flight 17A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4 
pairs of double axis articulating PV arrays. The nominal launch date is August, 2003. 

Stage 34 in a +2o atmosphere (solar flux = 1 17.7, geomagnetic index = 21.8) has a flight 
attitude of yaw = 0.0, pitch = -0.2, and roll = 0.5. The steady state microgravity 
environment is depicted in figure 5.34.4-1. Table 5.34.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
m the given +2a atmosphere. This configuration contains 5 ISPR racks within the 1 ug 
environment and all the ISPR racks are less than 1 .2 pg. 


Table 5.34.4-1 Stage 34 US Lab Rack Steady State |ig Level 



^liType“P-i 


LAS-1 

ISPR 

1.1 

LAS-2 

ISPR 

1.1 

LAS-3 

ISPR 

1.1 

LAS-4 

ISPR 

1.1 

LAS-5 

SYS 

1.1 

LAS-6 

SYS 

1.1 

LAF-1 

SYS 

1.8 

LAF-2 

SYS 

1.8 

LAF-3 

SYS 

1.8 

LAF-4 

SYS 

1.8 

LAF-5 

SYS 

1.8 

LAF-6 

SYS 

1.8 

LAP-1 

ISPR 

1.1 

LAP-2 

ISPR 

1.1 

LAP-3 

ISPR 

1.1 

LAP-4 

ISPR 

1.1 

LAP-5 

SYS 

1.1 

LAP-6 

SYS 

1.1 

LAC-1 

ISPR 

0.5 

LAC-2 

ISPR 

0.5 

LAC-3 

ISPR 

0.4 

LAC4 

ISPR 

0.4 

LAC-5 

ISPR 

0.4 

LAC-6 

SYS 

0.4 
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Figure 5.34.4-1 Stage 34 steady-state microgravity environment contours 







Tabic 5.34.4-2 summarizes the reboost lifetime characteristics of stage 34 assuming +2c 
^osphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
1 “* 9 . lbs '“ ‘ The reboost is performed using the zenith Bus which currently has a reboost 
efficiency of 84%, while the aft bus has fully expended its propellant load. For this stage 
there is sufficient propellant reserve on board the station to meet the skip cycle contingency 
rcboost requirement. 


Table 5.34.4-2 Reboost Lifetime Characteristics 


• Reralczyous 

,;4/ :: Rcbc6st;;j| 

;Rcibc^St 

Aft Bus Propellant 

Zenith Bus 

Lifetime at 


"Altitude/ v 



PriopelljaJit ; 

Rendezvous 

• • .;■• V •: . 

■ilfeillia 

Iiiiii 

ig^Reboost: rf 

>; Remaining After 

AIti|udc: 




mmiobm-mm. 

!Reb^st dbS.V 

g.(davs> 

230 

234 

1,114 

-231 

2.692 

394 


The control characteristics of Stage 34 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.34.4-2. Table 5.34.4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.34.4-3 Control Characteristics Summary 


/ f ’.Vv? 

V . Attitude 1 1 

M M 

. Attitude. 

1®§1 

aiiAttitude ■ 
'Roll 

la^taiinurh 

Deviation 

; ^wd^^miiirri : ' 

no STS 

0.0 decrees 

-3.8 decrees 

0.5 Agrees 

± 0.5 degrees 

8600 N-m-s 

w/STS 

-2.3 degrees 

43.1 degrees 

-1.4 degrees 

± 0.9 degrees 

6000 N-m-s 


The control characteristics of Stage 34 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figures 
5.34.4-3. Table 5.34.4-3 summarizes the control characteristics depicted in the plots. 


5.34.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and S 1/PI radiators 
from the aft bus attitude control thrusters. 
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Figure 5.34.4-2: Stage 34 control plots without Shuttle attached. 
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Figure 5.34.4-3 Stage 34 control plots with Shuttle attached. 








5.35 Stage 35 Flight Characterization 

5.35.1 Stage 35, Flight 18A Shuttle Flight Manifest 

The Shuttle delivers the Crew Transfer Vehicle. Table 5.35.1-1 lists the Shuttle Flight 
Manifest for Stage 35 - Flight 18 A. The total mass of the station hardware to orbit is 
24255 lbs The second section of the table shows the Shuttle Performance and 
hardwarc/consumables required for the mission resulting in the net Shuttle Lift 
Capability of 28931 lbs to 230 n.mi. at an inclination of 51.6°. Subtracting the hardware 
and FSE subtotals from this amount yields a mission flight margin of 4676 lbs. 

5.35.2 Stage 2 Configuration 

Figure 5.35.2- 1 displays the isometric view of Stage 35 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.35.2-2 shows the front, side, top and 
isometric views of Stage 35 with the Shuttle attached. 

5.35.3 Flight 18A Assembly Operations Description 

Rendezvous of the Shuttle with the Stage 34 occurs along +V bar at an altitude of 230 
n.mi. Station rendezvous attitude is +XVV and +Z Nadir. The Shuttle docks to PMA2 
on the Node 2 forward CBM in a tail down orientation. 

Flight 18A is an 8 day mission with 0 EVAs planned. The SRMS removes the CTV 
from the Shuttle payload bay and attaches the vehicle to PMA3 on the Hab nadir port. 
Following separation. Stage 35 flight mode is LVLH with the Node 1/Lab section aligned 
along the velocity vector. 


System Re source/Functionalitv 
Stage 34 functionality, plus: 

• Crew transfer vehicle delivered to orbit 


Resources Available: Power: 

76,200 W 


Thermal: 

TBD 


EVA: 

0 crew-hours 


Resources Required: Power: 

19,683 W 

(U.S. Housekeeping ) 


TBD W 

( Payload) 


1,180 W 

(CSA) 


2,600 W 

(ESA) 


5,600 W 

(NASD A) 

Thermal: 

TBDW 


EVA: 

0 crew-hours 
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Table 5.35.1-1 Stage 35 - Flight 18A Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE 

CTV#l 

24255 


subtotal 

24255 

0 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per Nm) 


-1000 

Additional Shuttle Performance Enhancements 


0 

Variable Integrated Hardware 


0 

Variable Shuttle Consumables 


-110 

Food & Gear (-55 Ibs/day over 6) 

110 



110 


Middeck Lockers 


-160 

Generic Integrated Hardware 


- 5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 


Weight Growdi Reserve 
Maintenance Reserve 

5374 

-1730 

-380 

Total Shuttle Lift Capabilltv 


28931 


[ 


Mission Flight Margin 


4676 | 


i/ 

! 
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Figure 5 


5.35.4 Stage 35, Flight 18A Performance Characteristics 

Stage 35, Flight 18A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4 
pairs of double axis articulating PV arrays. The nominal launch date is October, 2003. 

Stage 35 in a +2o atmosphere (solar flux = 1 14.6, geomagnetic index = 21.1) has a flight 
attitude of yaw =- 1 .0, pitch = -7.0, and roll = 0.5. The steady state microgravity 
environment is depicted in figure 5.35.4-1. Table 5.35.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
in the given +2 <j atmosphere. This configuration contains 1 1 ISPR racks within the 1 jig 
environment. 


Table 5.35.4-1 Stage 35 US Lab Rack Steady State jug Level 



^•x-.Type it 

rWmlcro-g §t 

LAS-1 

ISPR 

1.1 

LAS-2 

ISPR 

1.0 

LAS-3 

ISPR 

1.0 

LAS-4 

ISPR 

0.9 

LAS-5 

SYS 

0.9 

LAS-6 

SYS 

0.8 

LAF-1 

SYS 

1.7 

LAF-2 

SYS 

1.7 

LAF-3 

SYS 

1.6 

LAF-4 

SYS 

1.5 

LAF-5 

SYS 

1.5 

LAF-6 

SYS 

1.4 

LAP-1 

ISPR 

1.1 

LAP-2 

ISPR 

1.0 

LAP-3 

ISPR 

0.9 

LAP4 

ISPR 

0.9 

LAP-5 

SYS 

0.8 

LAP-6 

SYS 

0.7 

LAC-1 

ISPR 

0.4 

LAC-2 

ISPR 

0.4 

LAC-3 

ISPR 

0.3 

LAC-4 

ISPR 

0.3 

LAC-5 

ISPR 

0.2 

LAC-6 

SYS 

0.2 
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Table 5.35.4-2 summarizes the reboost lifetime characteristics of Stage 35 assuming +2 a 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
11.1 lbs/fr. The reboost is performed using the zenith Bus which currently has a reboost 
efficiency of 86%, while the aft bus has fully expended its propellant load. For this stage 
there is sufficient propellant reserve on board the station to meet the skip cycle contingency 
reboost requirement. 


Table 5.35.4*2 Reboost Lifetime Characteristics 
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\f "Reboqst.^,;; 
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Reboost 
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§Ren»inihg.A&r^ 

H MMM 

Lifetime at . 

• j Rendezvous . 
Alttmde^'-:'! 

230 

236 

1,626 

-231 

1.066 

420 


The control characteristics of Stage 35 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.35.4-2. Table 5.35.4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.35.4-3 Control Characteristics Summary 


lllllll 


mm ■mShtem m 

-rl Roll' , 


peak 

Momentum 

no STS 

-1.0 decrees 

•13.9 decrees 

0.5 decrees 

± 0.5 decrees 

8300 N-m-s 

w/STS 

-2.5 decrees 

43.6 decrees 

-1.5 decrees 

± 0.6 decrees 

6600 N-m-s 


The control characteristics of Stage 35 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figure 
5.35.4-3. Table 5.35.4-3 summarizes the control characteristics depicted in the plots. 


5.35.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and Sl/Pl radiators 
from the aft bus attitude control thrusters. 

The addition of the CTV eliminates the secondary Shuttle port. In case of a primary port 
failure, the CTV would have to be relocated to the bottom of node 2 so that the orbiter 
could dock to the bottom of the habitation module. Another approach would be to place the 
centrifuge module on the zenith side of node one with the Z1 truss/Bus combination on the 
top of the centrifuge (this would require a CBM on the top of the centrifuge module). The 
CTV would be placed on the top of node 2 which would leave the habitation module PMA 
free to be the secondary Shuttle port. 
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Figure 5.35.4-2: Stage 35 control plots without Shuttle attached. 
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Figure 5.35.4-3 Stage 35 control plots with Shuttle attached. 









5.36 Stage 36 Flight Characterization 

5.36.1 Stage 36 - Flight 19A Shuttle Flight Manifest 

Table 5.36.1-1 lists the Shuttle Flight Manifest for Stage 36 Flight 19A. The total mass 
of the station hardware to orbit is 14402 lbs, and the FSE total mass is 10705 lbs. The 
second section of the table shows the Shuttle Performance and hardware/consumables 
required for the mission resulting in the net Shuttle Lift Capability of 26822 lbs. 
Subtracting the hardware and FSE subtotals from this amount gives the mission flight 
margin of 1715 lbs. 

5.36.2 Stage 36 Configuration 

Figure 5.36.2-1 displays the isometric view of Stage 36 after the Shuttle departs and the 
scheduled assembly is completed. Figure 5.36.2-2 shows the front, side, top and 
isometric views of Stage 36 with the Shuttle attached. 

5.36.3 Flight 19A Assembly Operations Description 

Assembly Flight 19A launches the last of the outfitting flights, and the last in the ISSA 
Tier 2 assembly sequence. The cargo consists of a Mini-Pressurized Logistics Module 
(MPLM) with 14 racks manifested. The following racks will be installed in the Hab: 
Refrigerator/Freezer/Trash Compactor racks, Refrigerator/Freezer rack, Freezer rack, 
Wardroom/Galley Stowage rack, and the stowage racks. A Node 1 stowage rack will be 
installed in Node 1. A U.S. Stowage rack will be installed in the JEM. Two U.S. 
Stowage racks will be installed in the APM. In addition, the Fluid Service System 
upgrade will be installed in the U.S. Lab. The MPLM is active while in the payload bay 
so that power and cooling may be provided to the refrigerator/freezers that are in the 
MPLM. 

The Shuttle will rendezvous with the Station along the V-bar at an altitude of 230 n.mi, 
and then dock to PMA2 which is located on the forward end of Node 2. 

On the following day, the crew ingresses the Station and removes the MPLM from the 
payload bay using the SSRMS and attaches it to the Node 2 nadir port. Utilities to the 
MPLM are connected and the MPLM is activated. The atmosphere inside the MPLM is 
verified and then the MPLM is ingressed. 

The next day involves the crew transferring and installing the 14 racks from the MPLM 
to the Station. Once installed, the racks are activated by the ground. 

Prior to departure, the crew closes out and egresses the MPLM. The MPLM is then 
deactivated and utilities to the MPLM are disconnected. The MPLM is then removed 
from the Node 2 nadir port and replaced back in the Shuttle payload bay using the 
SSRMS. 
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The Shuttle then undocks from PMA2 and departs the Station. Following separation, 
Stage 36 flight mode is LVLH with the Nodel/Lab section aligned along the velocity 
vector. 

The “Assembly Complete” configuration is achieved at this stage. The Bus-l’s will have 
to be exchanged in the future to maintain a necessary compliment of propellant on-orbit. 
The operations required to perform those changeouts are depicted in figures 5.36.3-1 - 
5.36.3-3. Figure 5.36.3-1 demonstrates the repositioning of the SSRMS from the MBS 
to the U.S. Lab to the grapple fixture located on the aft stinger. This repositioning is 
necessary to facilitate the changeout of the aft Bus-1. Figure 5.36.3-2 depicts the 
maneuvers required to complete the aft Bus-1 changeout: 1) grapple the “spent” Bus-1 
with the SSRMS and hand it to the SRMS; 2) using the SRMS, place the “spent” Bus-1 
in the Shuttle payload bay, and grapple the replacement Bus-1; 3) hand-off the Bus-1 
from the SRMS to the SSRMS; and, 4) install the replacement Bus-1 on the aft stinger. 
Figure 5.36.3-3 is a graphical depiction of the similar maneuvers that are required to 
replace the Bus-1 located in the -Z direction above the Z1 truss. Note that the SSRMS is 
positioned on the PDGF that is located at (0.0, -4.1, -2.108) meters on the SO ITS for the 
zenith Bus-1 swap-out. 

System Resource/Functionalitv 
Stage 35 functionality, plus: 

• 14 racks delivered and activated 

• Assembly complete reached after 19A 


Resources Available: Power: 

76,100 W 


Thermal: 

TBD 


EVA: 

0 crew-hours 


Resources Required: Power: 

20,983 W 

(U.S. Housekeeping) 


TBDW 

(Payload) 


1,180 W 

(CSA) 


2,600 W 

(ESA) 


5,600 W 

(NASD/ \) 

Thermal: 

TBDW 


EVA: 

0 crew-hours 
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Table 5.36.1-1 Stage 36 • Flight 19A Shuttle Flight Manifest 


Hardware 

Mass (lbs) 

FSE 

MPLM-B 


10705 

US Hab Stowage • HAS6 

973 


US Hab Stowage - HAF5 

498 


US Hab Refrigerator/freezer/trash - HAC1 

982 


US Hab Refrigerator/freezer - HAC2 

1304 


US Hab Freezer Rack - HAS3 

1325 


US Hab Ward Galley Stowage - HAC3 

1400 


US Hab Stowage Rack 1 - HAF2 

877 


US Hab Stowage Rack 2 • HAS5 

779 


US Hab Stowage Rack 3 - HAP3 

779 


US Hab Stowage Rack 4 - HAS2 

783 


Node 1 Stowage Rack 4 

826 


JEM ELM-PS/US Stowage Rack 2 

1473 


APM/US Stowage Rack 1 

930 


APM/US Stowage Rack 3 

1473 


subtotal 

14402 

10705 


Shuttle Performance 


Mass (lbs) 

Capability to 220 n.mi. at 51.6 deg Inclination 


24685 

Enhancements 


13000 

Assembly Altitude delta (100 lbs per n.mi.) 


-1000 

Additional Shuttle Performance Enhancements 


0 

Variable Integrate { Hardware 


-1164 

Variable Shuttle Consumables 


-1055 

Additional Crew (500 Ibs/crew) 

1000 


Food & Gear (-55 Ibs/day over 6) 

55 


1055 


Middeck Lockers 


-160 

Generic Integrated Hardware 


-5374 

External Airlock 

3000 


4th Cryo Tank Fluids 

866 


3rd EMU 

300 


SAFER 

100 


Misc integration hardware 

118 


Attach Hardware 

990 



5374 


Weight Growth Reserve 


-1730 

Maintenance Reserve 


-380 

Total Shuttle Lift Capability 


26822 


Mission Flight Margin 


I71S 1 
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Figure 5.36.2-1 Stage 36 Configuration 
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5.36.4 Stage 36, Flight 19A Performance Characteristics 

Stage 36, Plight 19A is assembled at a 230 n.mi. altitude in an LVLH flight mode with 4 
pairs of double axis articulating PV arrays. The nominal launch date is December, 2003. 

Stage 36 in a +2o atmosphere (solar flux = 105.4, geomagnetic index = 19.7) has a flight 
attitude of yaw =-1.5, pitch = -6.7, and roll = 0.5. The steady state microgravity 
environment is depicted in figure 5.36.4-1. Table 5.36.4-1 lists the U.S. Laboratory 
racks, their type, and the maximum steady state microgravity level sensed during the orbit 
in the given +2 ct atmosphere. This configuration contains 11 ISPR racks within the 1 pg 
environment. 


Table 5.36.4-1 Stage 36 US Lab Rack Steady State ng Level 


lilllRit iMlli 



LAS-1 

ISPR 

1.1 

LAS-2 

ISPR 

1.0 

LAS-3 

ISPR 

1.0 

LAS-4 

ISPR 

0.9 

LAS-5 

SYS 

0.9 

LAS-6 

SYS 

0.8 

LAF-1 

SYS 

1.7 

LAF-2 

SYS 

1.7 

LAF-3 

SYS 

1.6 

LAF-4 

SYS 

1.5 

LAF-5 

SYS 

1.5 

LAF-6 

SYS 

1.4 

LAP-1 

ISPR 

1.1 

LAP-2 

ISPR 

1.0 

LAP-3 

ISPR 

0.9 

LAP-4 

ISPR 

0.9 

LAP-5 

SYS 

0.8 

LAP-6 

SYS 

0.7 

LAC-1 

ISPR 

0.4 

LAC-2 

ISPR 

0.4 

LAC-3 

ISPR 

0.3 

LAC-4 

ISPR 

0.3 

LAC-5 

ISPR 

0.2 

LAC-6 

SYS 

0.2 
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Table 5.36.4-2 summarizes the reboost lifetime characteristics of Stage 36 assuming +2 a 
atmosphere conditions, an early solar cycle (July 1995 start), and a ballistic coefficient of 
11.1 lbs/ft 2 . The reboost is performed using the zenith Bus which currently has a reboost 
efficiency of 85%, while the aft bus has fully expended its propellant load. For this stage 
there is sufficient propellant reserve on board the station to meet the skip cycle contingency 
reboost requirement. 


Table 5.36.4-2 Rehoost Lifetime Characteristics 


Rendezvous. 

Attitude - 

Reboost £§ 

!§ 

lljjlj | 

iJAft 

lIMiltM 

<#^Reboost:v;;M 

| Zenith Bus 
• . ■.Propellant"-.. 
J Relying 

§ : Reboostflbs.) v ‘' 

: Rendezvous 
: : Altitude 

■hi 

230 

234 

1,052 

-231 

14 

485 


The control characteristics of Stage 36 under design atmosphere conditions using the PDR 
nominal controller (attitude emphasis) are displayed in figure 5.36.4-2. Table 5.36.4-3 
summarizes the control characteristics depicted in the plots. 


Table 5.36.4-3 Control Characteristics Summary 


Yaw 


MBM 

•lliiiiiillll 

mtm 


MBHSSSSBI 

0.5 degrees 

SBIBE3553HI 

9400 N-m-s 


HKSSESaSSH 

-1.0 degrees 

± 0.8 degrees 

7200 N-m-s 


The control characteristics of Stage 36 (attached Shuttle) under design atmosphere 
conditions using the PDR nominal controller (attitude emphasis) are displayed in figure 
5.36.4-3. Table 5.36.4-3 summarizes the control characteristics depicted in the plots. 

As previously discussed in Sections 5.10.4 and 5.17.4 the mated Shuttle and stage 
configuration must perform periodic attitude maneuvers in order to avoid exceeding thermal 
loads on the Shuttle during certain solar geometry conditions. The maneuver must be able 
to be performed using the RCS thrusters from either bus starting from Stage 10. 

Three sample mated configurations were selected for analysis : Stage 10, when the upper 
bus is delivered, Stage 17/Flight 12A, and Stage 36/Flight 19A. The CDR RCS attitude 
maneuver control algorithm was employed. A 180 degree yaw maneuver was performed. 

It should be noted that the total impulse per attitude control thruster is 134,000 lb f -sec. 

For Stage 36, a smaller value rate limit was used to prevent excessive overshoot for the 
more massive Stage 36 configuration, namely, 0.02 degree/sec. The 180 degree yaw 
maneuver took just under two orbits for both the aft and upper bus. Overshoot was 
reduced to less than 5 degrees in all channels. The aft bus required 345 lb. of fuel to 
perform the maneuver, while the upper bus required nearly 370 lb. Once again, all four 
thrusters on each bus were selected approximately equally by the RCS CDR control 
algorithm. Table 5.36.4-4 lists the fuel and total impulse requirements. 
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Table 5.36.4*4 Yaw Maneuver Fuel and Impulse Requirements 



> /; ; f Ob.^ec^ 

Total; Fuel 

s t Vs'* 






aft 

84.2/24.800 

82.9/24.500 

89.5/26.400 

88.8/26.200 

345.5 

zenith 

90.5/26.700 

90.4/26.600 

96.0/28.300 

93.4/27.500 

370.3 


5.36.5 Issues and Concerns 

This stage has a pitch flight attitude that exceeds ±15 degrees with an attached Shuttle. 

There is a possibility of some indirect plume impingement of the aft P6 and S 1/PI radiators 
from the aft bus attitude control thrusters. 


The addition of the CTV eliminates the secondary Shuttle port. 
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5.36.4-3 Stage: 












6. TVend Analyses 


6.1 Stage Characterization Analysis 

As discussed in Section 4.0: Configuration Mass Properties, several configurations had 
mass and area distributions which were significantly different from those upon which the 
CMG attitude control algorithm assumptions were based. As a result, some of the 
configurations were not controllable with the Freedom PDR and CDR control laws. That 
is not to suggest, however, that they cannot be controlled using CMGs, but rather that 
customized control algorithms, to take advantage of the mass properties, need to be 
derived and applied. Such a task was outside the scope and schedule of this analysis. 

As discussed in Section 5.4: Performance Characteristics, Stage 1 flies in an arrow flight 
mode, whereas Stages 2 and 3 are oriented inertially to increase solar power availability. 
Consequently, Stages 2 and 3 require periodic desaturation. 

Stages 4 through 9 are not gravity gradient stable in pitch (Izz > Ixx). Thus the pitch TEA 
is more negative than the body to principal axis pitch Euler angle. These configurations 
are characterized by large negative pitch attitudes (see figure 6.1-1). Roll and yaw 
attitude angles are small, especially due to the use of momentum wheel stabilizers. Stage 
5 pitch is more negative than Stage 4, probably due to the fact that the Stage 4 PV arrays 
are feathered. Stages 5 through 9 are characterized by increasing pitch TEAs as the mass 
increases, • ith the exception of Stage 8, where the addition of the airlock actually 
increases the CP-CG offset, and thus the aerodynamic pitch torque magnitude. 

Stages 10 through 13 are characterized by gravity gradient stability in pitch (Ixx > Izz). 
Thus the torque equilibrium pitch attitude changes sign as the gravity gradient and 
aerodynamic torques subtract from one another about the equilibrium point. Pitch TEAs 
vary from +18 to +24 degrees (figure 6.1-1). Beyond Stage 12, the inertias become very 
nearly equal (figure 6.1-2), which causes problems for the PDR and CDR controllers. 
These controllers try to take advantage of gravity gradient torques to control attitude. 
However, the gravity gradient torques become vanishingly small as the inertias become 
nearly equal. Stages 13 and 15 required momentum wheel supplementation for stability 
control (Stages 10 -12 did not), while Stages 14 and 16 could not be controlled using any 
of the available CMG control laws at the design altitude and in the design atmosphere 
environment. 

Stages 17 through 19 could only be controlled using the PDR yaw bias control 
algorithm, which was specifically designed for configurations with Ixx » Izz. The yaw 
torque equilibrium attitude thus ranges from about +3 to +6 degrees, while the pitch 
ranges from -1.0 to -1.4 degrees. Stages 17 - 19 were also characterized by the hybrid 
combination of sun-tracking PV arrays (introduced on Stage 17) and a single axis 
articulating array (present on Stages 5 through 16). 

For the remainder of the Stages starting with Stage 21, again Izz > Ixx (pitch axis gravity 
gradient unstable), all PV arrays were sun-tracking, and the PDR nominal attitude 
controller (attitude emphasis) was utilized to successfully control attitude. The pitch 
TEA hovered in the -5 to +3 degree range, with the exception of Stages 35 and 36, which 
had pitch TEAs of -13 degrees (figure 6.1-1). 
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Stages (vfc, S4 to S9) were characterized by poor gravity 
gradient pitch axis stability charactenstics, resulting in large pitch torque equilibrium 
attitudes. Stages 10 through 13 were characterized by large positive pitch TEAs while 

S h C ° U h n0t bc ,? ontrolled usin 8 the PDR/CDRCMG control algorithms. 

Stages 17 and beyond were all controllable, although Stages 17 through 19 required a 
yaw bias controller due to nearly equal moments of inertia. q 

wSeS A f thC m u ted Station/Shuttle stack is dominated by the 

o , ST S» especially dunng the early stages. Principal to body axis pitch 
fr ° m ' 40 'degrees to +45 degrees. Figure 6.1-3 shows the variation in 
principal moments of inertia dunng the assembly build sequence. Notice that Stage 5 has 
r wp XX ^Ff vl , ty ®™' dient unstable), which may explain why neither the PDR nor CDR 
CMG control algorithms were able to maintain attitude while managing angular 
momentum build-up. ° 

2" S1 , S 2 w “ h the Principal to body axis rotation angles, the pitch TEA attitudes were 
quite large. Figure 6.1-4 shows the vanation in pitch TEA over the assembly build 

S2, A + S g d StaSCS T Were controlIable be yond Stage 5, pitch attitudes hovered 
the ± i° degree ^p*. It is speculated that in some cases, a pitch TEA on either 
side of zero degrees would give comparable performance. 

*e PDR CMG control algorithm was successfully used for attitude control 
t^ou.Shout the assembly sequence. Nc table exceptions was 
6, which used the JSC/UT algonthm. Stages 17 and 19 required tne use of a 10,000 N- 

SuaEv Sss f ° r add i tio ,! iaI stability augmentation. Attitude oscillations were 

PMr “ 2 degrees. Peak angular momentum requirements were well within 

m0Sf 5 ° nly Sta § es 19 ^ough 27 required in excess of 

18,980 N-m-s CMGcapacity g& momentum requirements just exceeding the 

Reboost efficiency analyses were performed on both buses for Stages 4 through 36. The 
bulated results shown in tables 6.1-1 and 6.1-2 list the reboost efficiency, the reboost 

I"!? f the ? TUSter gi . mb ^ y aw 311(1 P itch angles for each stage (refer to figures 
,; 3 .„ nd 3 ; 3 ‘ 3 ibr reboost engine locations). The station attitude is approximately equal 
and opposite to the thruster gimbal yaw and pitch angles. Also, note that when the ^ 
maximum thruster gimba! angle was reached, the reboost efficiency was less than 100%. 


Analysis shows that the aft bus, located on the end of the x-axis truss extension 

SnXK)i°fS W° St /? d 5 n c y f ° r ^ ag -f S 7 " 9 311(1 Sta § es 22-36. Efficiency drops 
Stages 4-6 and Stages 10-21 due to the station center of gravity (C.G.) 

r»° UtSlde ° f ^boost thruster gimbal range, as shown in figures 6.1-5 and 6 1- 
8. Stage 4 possesses the lowest aft bus efficiency level of 86.7%. The C G mieration 
[® s ?°" slbl . e for , the efficiency decreases is in the body z-axis direction. Migration^ the 
body x-axis and y-axis directions, as shown in figures 6.1-6 and 6.1-9, doesnot impact 
the reboost efficiency of aft bus for Stages 4-21. Figures 6.1-1 1 and 6.1-12 show C.G. 
migrations for Stages 22-36 in relation to the aft bus thruster gimbal range. All the center 
of gravity locations are within the gimbal range of the aft bus for ^mge* 


^extelSoS iS 10 °? c from S( age 10, when the Bus-1 and z-axis 

truss extension are added to the Station, until Stage 21. The C.G. migration for these 

moveddo^rm S 6,1 * 7 - and , h- 1 ' 8 - During Stage 22 operations, the zenith bus is 

moved closer to the station origin, due to the transfer of the P6 truss segment to the port 
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side of the transverse boom. This results in C.G. locations which are outside of the zenith 
bus rcboost thruster gimbal limits, as shown in figures 6.1-10 and 6.1-11. The station 
C.G. locations for Stages 22-36 arc all outside the gimbal range in the x-direction, while 
Stages 22-27 are also outside in the y-direction. Reboost efficiency drops to a low of 
76.7% for Stage 27 and increases somewhat for later stages. However, efficiency is only 
85.2% for Stage 36. 
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Figure 6.1-1 Pitch TEA without Shuttle Attached 



Tier 2 Principal Moments of Inertia 



Figure 6.1*2 Principal Moments of Inertia without Shuttle Attached 



Tier 2 Principal Moments of Inertia 
(Attached STS) 



Figure 6.1-3 Principal Moments of Inertia with Shuttle Attached 








Table 6.1-1 Aft Bus-1 Efficiency Chart 


Stage 

Reboost 

Efficiency 

Reboost Engine 
UsedCl or 2) 

Thruster Glmbal Angle (deg.) 
Yaw Pitch 1 

4 

86.69% 

1 

3.57 

10.00 

5 

96.47% 

2 

-0.14 

10.00 

6 

98.51% 

1 

2.28 

10.00 

7 

100.00% 

1 

2.15 

9.46 

8 

100.00% 

1 

3.74 

8.41 

9 

100.00% 

1 

3.46 

9.00 

10 

87.87% 

1 

3.84 

10.00 

11 

88.50% 

1 

3.94 

10.00 

12 

88.96% 

1 

8.23 

10.00 

13 

92.33% 

1 

7.15 

10.00 

14 

92.28% 

1 

3.12 

10.00 

15 

92.20% 

1 

3.13 

10.00 

16 

93.08% 

1 

2.97 

10.00 

17 

93.84% 

2 

-6.52 

10.00 

18 

93.55% 

2 

-7.21 

10.00 

19 

93.42% 

2 

- 7.25 

10.00 

20 

93.42% 

2 

-7.25 

10.00 

21 

93.54% 

1 

2.73 

10.00 

22 

100.00% 

1 

-7.21 

9.65 

23 

100.00% 

1 

-7.21 

9.65 

24 

100.00% 

1 

-8.71 

8.51 

25 

100.00% 

1 

-7.93 

8.55 

26 

100.00% 

1 

-7.93 

8.55 

27 

100.00% 

1 

-8.98 

7.84 

28 

100.00% 

1 

-1.75 

8.16 

29 

100.00% 

1 

-1.75 

8.16 

30 

100.00% 

1 

-1.70 

8.16 

31 

100.00% 

1 

-1.52 

8.38 

32 

100.00% 

1 

-0.37 

7.69 

33 

100.00% 

1 

-0.28 

6.63 

34 

100.00% 

1 

-0.25 

6.36 

35 

100.00% 

1 

-0.18 

4.89 

36 

100.00% 

1 

-0.16 

4.87 
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Table 6.1-2 Zenith Bus-1 Efficiency Chart 


Stage 

Reboost 

Efficiency 

Reboost Engine 
Used (1 or 2) 

Thruster Glrnbal Angle (deg.) 
Yaw Pitch 

10 

100.00% 

1 

2.46 

0.56 

11 

100.00% 

1 

2.57 

0.77 

12 

100.00% 

1 

6.22 

2.45 

13 

100.00% 

1 

5.65 

4.88 

14 

100.00% 

1 

2.28 

5.22 

15 

100.00% 

1 

2.28 

5.24 

16 

100.00% 

1 

2.25 

6.69 

17 

100.00% 

1 

-3.62 

6.51 

18 

100.00% 

1 

-4.31 

7.17 

19 

100.00% 

1 

-4.31 

6.92 

20 

100.00% 

1 

-4.31 

6.92 

21 

100.00% 

1 

2.05 

6.50 

22 

91.74% 

1 

-10.00 

10.00 

23 

91.74% 

1 

-10.00 

10.00 

24 

80.21% 

• 1 

-10.00 

10.00 

25 

84.19% 

1 

-10.00 

10.00 

26 

84.19% 

1 

-10.00 

10.00 

27 

76.70% 

1 

-10.00 

10.00 

28 

86.04% 

2 

-6.27 

10.00 

29 

86.04% 

2 

-6.27 

10.00 

30 

86.15% 

2 

-6.19 

10.00 

31 

83.66% 

2 

-6.14 

10.00 

32 

80.91% 

2 

-4.51 

10.00 

33 

83.24% 

2 

-4.11 

10.00 

34 

83.79% 

2 

-4.01 

10.00 

35 

85.58% 

2 

-3.66 

10.00 

36 

85.17% 

1 

0.63 

10.00 
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Figure 6.1-8 Y-axis view of station center of gravity for Stage 10 through Stage 21. 
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6.2 Resource Trends 


6.2.1 Power 

Figure 6.2-1 provides a comparison of the U.S. Housekeeping and International Partner 
Power Requirements to the Power Generated. The stage power margin is also included. 


6.2.2 Thermal 
TBD 


6.2.3 Extra-Vehicular Activity 

Figure 6.2-2 provides a comparison of the Assembly EVA-hours Available to the 
Assembly EVA-hours Required. Appendix B lists all of the EVA tasks, including an 
estimate of the time, necessary to complete the assembly of the station. 

The most demanding phase of the assembly sequence occurs between Flight 1 J/A and 
Flight 13A+. Those flights involve assembling the inboard port and starboard power 
modules (P3/4 and S3/4), and relocating the P6 power module to its final location. Flight 
12A and 13A are constrained to 2 EVAs per night, while the baseline number of EVAs on 
tho.' flights is 5 and 6, respectively. This drove the addition of Flights 12A+ and 13A+ to 
accommodate the backlog of EVAs from ‘hose flights. The main effect of that issue v/as to 
delay the operation of the PV modules by one flight each. 

To the greatest extent possible, there are no planned EVAs on any of the Utilization Flights 
stud^* ^ ^ EVA)* This is a ground rule that was accepted at the beginning of the 


There are no EVAs dedicated to external maintenance in this scenario. This is something 
that needs to be addressed immediately, particularly because there is no station-based crew 
pnor to Assembly Complete that could begin working off maintenance items. 
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Figure 6.2-1 Comparison of U.S. Housekeeping and Internation Partner Power Requirements to the Power Generated 



Comparison of Assembly EVA-Hours Available to the Assembly EVA-Hours Required 








6.3 Reboost Propellant Trend Analysis 

Space Station propellant requirements arc governed by several factors including Station 
mass, ballistic number, propellant Isp, rendezvous altitude, reboost interval, and 
atmospheric parameters such as solar flux (F10.7), geomagnetic index (Ap), and 
atmospheric density. For this analysis, the jSXation Reboost Analysis Program (STRAP) 
Version 5.0 was utilized. STRAP is an analysis tool which provides the capability to 
quickly generate altitude profile data for the ISS A program. In this analysis, rendezvous 
altitudes were determined based on assembly requirements, and the upper altitudes were 
determined from the lower altitudes, the flight interval, and the orbital decay rate for the 
Station. All orbits were assumed to be circular and the reboost maneuver propellant was 
calculated using the ideal rocket equation assuming a Hohmann transfer. The Isp for the 
Aft and Zenith Bus was assumed to be constant at 295 seconds. Based on the location of 
the Bus and the Station configuration, thrust efficiencies were calculated and applied 
against the STRAP generated reboost maneuver propellant. This resulted in an increase 
of between zero and twenty-five percent in the reboost propellant with an average 
increase of five percent. In addition, five percent of the STRAP generated reboost 
requirement was added to account for pre- and post-docking procedures and another five 
percent was added to account for attitude control during reboost. These three additional 
propellant values were also added to the skip cycle requirements generated by the 
STRAP analysis. The objective of this analysis was not only to call uirte Space Station 
propellant requirements, but also to determine the impact of varying atmospheric models 
and solar cycle start dates on the results. For this reason, six separate cases were 
evaluated corresponding to a mean and +2o atmosphere for each of three solar cycle 
profiles. The results of these analyses are described below. 

As shown in figures 6.3-1, 6.3-2, and 6.3-3 if the Station encounters a maximum, or +2o 
atmosphere, it must reboost to a much higher upper altitude in order to decay back down 
to the next rendezvous altitude within the pre-determined flight interval. Therefore, the 
propellant requirements for the +2a atmosphere cases are significantly higher than the 
corresponding mean atmosphere cases. Figures 6.3-4, 6.3-5, and 6.3-6 compare the 
orbital lifetime profiles for the mean and +2cr cases for each of the 3 solar cycle start 
dates. For any given Station altitude, the number of days of decay before the Station 
reaches a minimum altitude of 150 n.mi. is greater for the mean atmosphere case verses 
the +2 ct atmosphere case. This is due to the fact that the solar flux and geomagnetic 
index values are higher in the +2a atmosphere case and hence produce faster decay rates. 
CuiTent ISS A operating plans dictate a minimum of 90 days to 150 n.mi. In several 
instances, the propellant analysis showed that the Station violates this minimum number, 
especially in the early years of the assembly sequence. 

The difference in the solar cycle profiles also had a significant impact on the propellant 
analysis. The eleven year solar cycle is characterized in three STRAP input files, 
corresponding to an early, middle, and late start date for the next cycle. During the six 
years of the Station assembly sequence used in this analysis, each of the solar cycle 
profiles reaches its maximum point. For the early start solar cycle, the maximum solar 
flux occurs in August of 1999 and the middle and late cycle maximums occur at 
approximately one year increments beyond that (August 2000 and August 2001, 
respectively). The locations of these maximums impact the propellant analysis in several 
ways. With the early start solar cycle, the atmosphere is relatively harsh early on in the 
assembly sequence; however, it improves substantially in the outer years as the solar flux 
and geomagnetic index decrease. With the middle start solar cycle, the atmospheric 
conditions are more balanced over the Station build up, but the average solar flux over 
the assembly sequence is higher than either of the other two cases. On the other hand, the 
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late stan solar cycle has the lowest average solar flux of the three profiles, but the harsher 
atmosphere in the later years produces significant deficits in propellant. 

The stan date of the solar cycle profile determines when the solar flux will reach its 
maximum value within the assembly sequence. Given a constant Station configuration, 
the propellant requirements would be higher early on with the early stan cycle and 
correspondingly the lifetime to 150 n.mi. would be shoncr and the required upper 
altitudes would be higher. These trends would also occur in the later years if a late stan 
solar cycle were used. However, it is imponant to note that the Station configuration is 
far from constant during the assembly sequence and the continually changing mass and 
ballistic coefficients could greatly impact any trends observed solely within the 
atmospheric models. 

Figures 6.3-7 through 6.3-12 show the propellant balance and distribution on Station 
during the assembly sequencefor each of the six reboost options that were anayzed. For 
each reboost date, the amount of propellant in each of the two Buses is shown as well as 
the amount of skip cycle propellant required at each rendezvous altitude. When the 
propellant balance is shown to be above the skip cycle line, this indicates that there is 
sufficient reserves to guarantee a 270 day skip cycle with a minimum lifetime of 90 days 
to 150 n.mi. If the Station altitude already ensures a 360 day lifetime to 150 n.mi, no skip 
cycle propellant is required. In several instances, the propellant balance shown in figures 
6.3-7 through 6.3-12 indicates that the Station has run out of propellant and therefore 
another Bus must be launched sooner in the assembly sequence. For example, in the +2 a 
atmosphere, early start solar cycle case (figure 6.3-7), the third Bus must be delivered 
before the fourth reboost of the year 2000. In the mean atmosphere, early start solar 
cycle case (figure 6.3-8) however, the highly positive balance indicates that the Bus 
delivery may be slipped further down into the assembly sequence. Further analysis 
would optimize the Bus delivery schedule so that an appropriate propellant balance is 
maintained on Station during the configuration buildup and throughout the operational 
phase. 

For each of the six cases which were analyzed the ballistic coefficients, reboost 
propellant requirements, skip cycle propellant requirements, and orbital lifetimes have 
been provided for each stage of the build up sequence in tables 6.3-1 through 6.3-6. 
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Altitude profiles for mean and +2 a with an early start of the solar cycle. 








Altitude profiles for mean and +2 a with a nominal start of the solar cycle. 









Altitude profiles for mean and +2 o with a late start of the solar cycle. 


























Figure 6.3-6 Lifetime profiles for mean and +2 o with a late start of the solar cycle. 























10 Propellant distribution for a mean atmosphere with a nominal start of the solar cycle. 



























Table 63-1 Propellant Requirements for a +2 o Atmosphere 
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Table 6.3-3 Propellant Requirements for a +2o Atmosphere - Nominal Solar Cycle Start 





















Table 6.3-5 Propellant Requirements for a +2o Atmosphere - Late Solar Cycle Start 






















6.4 Microgravity Rack Analysis 


The steady state microgravity levels were computed at the center of each of the ISPR racks 
in the US Lab for each assembly stage. A +2 a day of launch atmosphere was assumed 
using the assembly altitude. The atmosphere tables for geomagnetic index and solar flux 
values are provided in Appendix A. Using an early solar cycle start date the results for the 
ceiling, port and starboard US Lab ISPR racks are depicted in the plots in figures 6.4-1, 
6.4-2, & 6.4-3, respectively, for the entire assembly sequence. It was not possible to 
determine the microgravity results for Stage 16 since this stage was not controllable in the 
atmosphere described above using currently designed control algorithms (see Section 
5.16.4). 

The results show the ceiling racks consistently provide the lowest micro-g during the 
assembly build. The ceiling experiment racks meet the 1 pg requirement in over half the 
assembly flights. In general, the results indicate that the Tier 2 Station does not meet the 1 
Mg requirement for 50% of the experiment racks throughout the assembly sequence, 
however it does meet this requirement by assembly complete. It also provides at least 4 
(32.5%) racks in the 1 pg environment in 20 (out of 31) of the assembly flights. 




US Lab Port ISPR Microgravity Level during Assembly 



Lab Steady State Microgravity Level for the Port ISPR Racks by Stage 











7. Conclusions 


The proposed assembly sequence utilizing the Bus-1 incorporates significant changes into the 
baseline international Space Station assembly sequence. The changes are required to replace 
Russian supplied functionality in the areas of propulsion, logistics, early station based EVA and 
initial spacecraft functionality. Changes include the elimination of all Russian systems, the 
utilization of the Bus-1 for propulsion and fuel logistics, and modification of the baseline assembly 
sequence operations and schedule to enable Shuttle based EVA only for assembly. Table 7-1 
summarizes the issues and concerns associated with the proposed assembly sequence. For each 
issue and stage, a value of one to three has been assigned to rank the difficulty of addressing the 
issue. A value of one indicates an issue that could be remedied through minor operational changes 
or waivers. A value of two indicates that the issue will require significant increases in Shuttle 
performance or additional hardware development. A value of three indicates that there is no 
apparent hardware or operational workaround to resolve the issue. 

Several stages require baseline hardware modifications. Stage 1 requires the development of the 
Bus-1, extender truss, solar arrays and an additional PDGF and structural CBM interface. Stage 3 
requires the addition of pressurized gas carriers and their associated interfaces. Stage 10 requires a 
second extend r truss with a P6/Z1 interface with PDGFs on the new extender truss and on top of 
the SO segment. Stage 13 has a unique docking orientation that requires the PMA on the nadir side 
of Node 1 to be clocked 90 degrees. Stage 35 and beyond require special operations or 
configuration changes to make a secondary Shuttle available. 

The configurations associated with the proposed assembly sequence have flight characteristics that 
are significantly different than the baseline. Stages 2 and 3 fly in a solar inertial mode similar to 
Stage 2 in the baseline. Thermal loads are a concern for any inertial flight mode but Stage 3 in the 
proposed sequence may induce thermal loads on the Z1 truss that differ from the baseline. Stages 
4 to 16 all have pitch attitudes that exceed ±15 degrees with and without a docked Shuttle. These 
attitudes could expose minimally shielded portions of the station to orbital debris along with 
impacting the communications and tracking system. These large pitch attitudes most significantly 
impact the non-mated configurations due to longer exposure to the environment. The mated 
configurations last for only a week or so 6 times a year therefore the potential for debris damage at 
large pitch angles is significantly reduced for Stages 17 to 36 since the ±15 degree limit is only 
violated when an orbiter is attached. The attitudes associated with the proposed sequence are 
directly related to the inertia properties of the buildup. The closeness of all three body axes inertias 
during the earlier stages of the sequence coupled with large pitch aerodynamic torques lead to the 
large pitch flight attitudes. 

The poor microgravity environment associated with Stages 6 to 16 is a direct function of the pitch 
attitude. Significantly improving the microgravity environment on these stages would require a 
change in mass properties. The microgravity environment could probably be improved for Stages 
17 to 27 by relocating the zenith bus to the nadir port of node 1 thus lowering the center of mass so 
that it is closer to the center of the lab. This would require an additional structural CBM interface to 
be attached to the second extender truss. The bus would have to be relocated to the zenith position 
before the installation of the habitation module. 

Stages 4 to 1 1 had orbital lifetimes of less than 90 days at the assembly rendezvous altitude. The 
short lifetimes result from low ballistic coefficients combined with low altitudes. The ballistic 
coefficients cannot be improved since the solar arrays need to articulate to get sufficient power. 
Higher assembly altitudes would require additional Shuttle lift performance or offloading of station 
components. Several stages had insufficient skip cycle reserve or negative fuel margins but this 
can be corrected by adding and remanifesting bus logistics flights. 
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There is a potential for minor plume impingement from the aft bus thrusters on some of the 
radiators. Utilizing a longer extender truss as proposed in Section 3.3 would reduce the potential 
for plume impingement greatly. Doubling the length of the aft extender would substantially 
improve the mass properties throughout the build sequence resulting in smaller flight attitudes, 
superior microgravity environments and easier to control configurations. The cost of the longer 
extender would be an additional Shuttle flight along with complex installation and changeout 
operations for the aft bus. 
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Table 7-1 Issues and Concerns Summary 
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12.7 

18.4 

mmm 


13.1 

18.8 

13.2 

18.6 

1— EE 


imam 

i— i B 


18.4 

13.5 

18.4 

13.5 

17.6 

13.6 

17.1 

13.6 

17.4 

13.6 

17.4 

13.8 

18.5 

14.0 

19.9 

14.1 

19.9 

14.1 

19.9 

14.1 

20.1 


1/00 

73.6 


2/00 

74.0 





233.71 


ml 


zm\ 


2 


245.21 


244.5 


243.3 


244.71 





































































































































Nominal Start Date (8/96) 


9/00 

84.0 

148.2 

245.7 

10.2 

13.4 

18.3 

10/00 

85.5 

146.8 

243.3 

10.6 

13.5 

18.2 

11/00 

87.9 

145,7 

239.4 

11.3 

13.8 

18.7 

12/00 

89.5 

145.1 

235.0 

11.4 

14.1 

19.2 

1/01 

92.2 

144.9 

232.9 

11.3 

14.2 

19.6 

2/01 

93.8 

144.9 

233.3 

11.3 

14.4 

20.3 

3/01 

94.9 

144.7 

233.1 

11.5 

14.6 

21.0 

4/01 

95.0 

144.2 

231.2 

11.6 

14.8 

21.4 

5/01 

94.7 

143.5 

229.1 


14.8 

21.2 

6/01 

94.9 

142.7 

228.1 

11.8 

14.7 

20.4 

7/01 

96.5 

142.3 

227.6 

12 . 1 “ 

14.8 

20.7 

■ lllif 


■mu 

226.7 

12.2 

15.1 

21.9 

bhi 


HDH 

225 . 6 “ 

12.0 

15.2 

22.7 

M3EM 

96.0 

140.1 


11.6 

15.1 

22.7 

11/01 

96.0 

138.4 

218.6 

11.2 

15.1 

22.3 

12/01 

96.6 

136.8 

215.2 

11.2 

15.1 

21.7 

1/02 

96.7 

135.5 

212.0 

11.2 

15.1 

21.5 

2/02 

95.1 

134.3 

206.9 

11.2 

15.1 

22.1 

3/02 

95.0 

133.0 

204.0 

11.3 

15.5 

23.1 

4/02 

96.3 

131 . 6 " 

203.6 

11.3 

15.6 

23.5 

5/02 

96.5 

129.8 

200.4 

11.2 

15.6 

23.4 

6/02 

94.7 

128.3 

iaeie 1 

11.1 

15.7 

23.3 

7/02 

93.6 

127.3 

195.7 

10.8 

15.5 

23.1 

8/02 

93.5 

126.5 

194.8 

10.9 

15.7 

22.2 

9/02 

91.9 

125.1 

191.5 

11.1 

15.6 

22.1 

10/02 

88.7 

123.5 

187.4 

11.7 

15.6 

22.2 

11/02 

86.6 

12276 

182.9 

11.6 

15.8 

22.5 

12/02 

87 . 8 “ 

121.5 

178.6 

11.5 

15.9 

22.6 

1/03 

86.5 

120.5 

176.3 

11.3 

15 .B 

22.5 

2/03 

85.9 

119.5 

174.9 

11.3 

15.7 

21.6 

3/03 

85.0 

117.9 

171.1 

11.3 

15.4 

21.0 

4/03 

83.6 

116.3 

164.5 

ii .2 

15.2 

21.1 

5/03 

82.3 

114.6 

158.1 

11.2 

15.2 

21.6 

6/03 

81.6 

112.9 

154.4 

11.4 

15.4 

22.2 

7/03 

81.5 

iii.il 

152.7 

.... 1 _ 1 - 3 . 

15.3 

22.6 

8/03 

81.9 

109.5 

150.8 

11.4 

15.2 

22.0 

9/03 

81.6 

108.6 

148.1 

11.3 

15.0 

22.2 

10/03 

81.4 

106.4 

145.6 

11.3 

14.9 

22.5 

11/03 

80.2 

104.9 

141.1 

11.2 

14.7 

22.8 

12/03 

80.3 

103.4 

137.6 

11.1 

14.7 

23.5 

1/04 

80.0 

101.9 

132.4 

11.0 

14.7 

24.2 

2/04 

78.9 

100.3 

125.4 

11.3 

14.8 

24.7 

3/04 

77.6 

98.9 

119.5 

11.3 

14.8 

25.0 

4/04 

76.6 

97.7 

118.4 

11.2 

14 . 8 “ 

24.9 

5/04 

74.8 

96.6 

118.7 

11.4 

14.8 

24.5 

6/04 

74.0 

95.6 

119.4 

11.6 

14.7 

23.6 

7/04 

73.4 

94.8 

119.8 

11.3 

14.7 

22.8 

8/04 

73.2 

93.9 

119.6 

11.1 

14.7 

22.1 

9/04 

73.1 

92.8 

117.7 

11.1 

14.8 

21.8 

10/04 

72.7 

91.7 

116.4 

11.2 

14.8 

21.4 

11/04 

71.7 

90.6 

11 4.6 

11.2 

14.8 

21 . 1 “ 


















'TTKPi'IB 


Nominal Start Date (8/96) 
















































Late Start Date (9/96) 


! Solar Flux 

Geomagnetic Index 1 

DATE 

•2 sigma 

mean 


-2 sigma 

mean 


9/97 

67.0 

69.6 

73.3 

7.6 

9.5 

11.5 

10/97 

67.0 

69.7 

73.4 

7.7 

96 

11.7 

11/97 

67.0 

70.0 

74.0 

7.7 

9.7 

11.8 

12/97 

67.0 

70.4 

74.5 

7.6 

9.7 

11.9 

1/98 

67.0 

70.7 

74.9 

7.4 

9.7 

11.9 

2/98 

67.1 

71.1 

76.2 

7.3 

9.9 

12.2 

3/98 

67.2 

71.6 

78.4 

7.2 

10.0 

12.5 

4/98 

67.3 

72.2 

79.8 

7.3 

10.3 

12.9 

5/98 

67.4 

72.8 

81.5 

7.8 

10.6 

13.3 

6/98 

67.5 

73.6 

84.1 

8.1 

10.9 

14.1 

7/98 

67.7 

74.5 

87.7 

8.2 

11.2 

15.1 

8/98 

67.9 

75.7 

93.4 

8.3 

11.5 

15.7 

9/98 

68.0 

77.0 

97.9 

8.3 

11.8 

15.9 

10/98 

68.0 

78.4 

101.7 

8.3 

12.0 

16.4 

11/98 

68.0 

80.1 

107.7 

8.5 

12.3 

17.4 

12/98 

68.0 

82.0 

114.5 

8.4 

12.7 

16.4 

1/99 

68.1 

84.0 

121.1 

8.5 

12.9 

18.7 

2 / 9S 

68.4 

86.2 

129.1 

8.7 

13.1 

18.8 

3/99 

68.5 

88.5 

137.6 

9.0 

13.2 

18.6 

4/99 

68.6 

91.0 

143.4 

9.3 

13.2 

18.3 

5/99 

68.8 

93.7 

147.6 

9.7 

13.2 

18.1 

| 6/99 

68.7 

96.3 

151.7 

9.5 

13.4 

18.4 

7/99 

68.8 

98.9 

155.7 

9.3 

13.5 

18.4 

8/99 

69.2 

101.6 

160.1 

9.0 

13.5 

17.6 

9/99 

69.7 

104.4 

164.6 

9.0 

13.6 

17.1 

10/99 

70.1 

107.2 

169.1 

9.1 

13.6 

17.4 

11/99 

70.6 

110.2 

173.0 

9.4 

13.6 

17.4 

12/99 

70.7 

113.2 

177.1 

9.8 

13.8 

18.5 

1/00 

71.3 

116.2 

186.1 

10.0 

14.0 

19.9 

2/00 

72.2 

119.3 

191.5 

10.0 

14.1 

19.9 

3/00 

72.6 

122.0 
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10.1 

14.1 

19.9 

4/00 

73.3 

124.3 
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14.1 

20.1 

5/00 

73.9 

126.5 

199.6 

10.2 

14.2 

20.4 

i 6/00 

74.1 

128.6 
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10.3 

14.2 

20.8 

7/00 

74.4 
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210.6 

10.6 

14.1 

20.9 

8/00 

74.5 

133.3 

214.8 

10.6 

14.0 

21.0 

9/00 

74.6 

135.6 

217.2 

10.5 

14.0 

21.2 

“ 10/00 

74.5 

137.6 

221.6 

10.4 

14.1 

21.6 

11/00 

74.1 

139.6 
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10.6 

14.1 

22.1 

12/00 
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141.4 
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22.2 
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2/01 

73.6 

144.6 
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10.4 

13.4 
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3/01 
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235.6 

10.5 

13.3 
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4/01 
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146.7 
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5/01 

75.8 

147.2 
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6/01 

76.5 
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13.4 

19.0 

7/01 

78 .'' 

148.1 

244.5 
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148.4 
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10.8 
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82.5 

148.7 

244.7 

10.6 

13.4 
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A-7 
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11/01 


12/01 


1/02 


2/02 


3/02 


4/02 


5/02 

" 

6/02 




8/02 


9/02 



mi 


245.7 

243.3 

239.4 

235.0 
232.9 
233.3 

233.1 

231.2 
229.1 


ESI 




10/02 

96.8 

141.3 
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96.0 
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13.4 

18.3 

13.5 

18.2 

13.8 
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14.2 
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14.6 

21.0 

14.8 

21.4 

14.8 

21.2 

■BS 


HD 


15.1 

21.9 

15.2 

22.7 


mm 
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96.7 

135.5 

212.0 

11.2 

15.1 

21.5 

3/03 

95.1 

134.3 
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11.2 

15.1 

22.1 

4/03 

95.0 

133.0 

204.0 

11.3 

15.5 

23.1 


131.6 

203.6 

11.3 

15.6 

23.5 



129.8 

200.4 

11.2 

15.6 

23.4 

1 7/03 

94.7 



11.1 

15.7 

23.3 

8/03 

93.6 

127.3 

195.7 

10.8 

15.5 

23.1 



126.5 

194.8 

10.9 

15.7 

22.2 



125.1 

191.5 

11.1 

15.6 

22.1 

I 11/03 

88.7 

123.5 

187.4 

11.7 

15.6 

22.2 



122.3 

182.9 

11.6 


■ess 

1/04 

87.8 

121.5 

178.6 

11.5 


22.6 

2/04 

86.5 

120.5 

176.3 

11.3 

15.8 

22.5 

3/04 




11.3 

15.7 

21.6 

4/04 

85.0 

117.9 

171.1 

11.3 

15.4 

21.0 

5/04 

83.6 

116.3 

164.5 

11.2 

15.2 

21.1 

6/04 

82.3 

114.6 

158.1 

11.2 

15.2 

21.6 

7/04 

81.6 

112.9 

154.4 

11.4 

15.4 

22.2 

8/04 

81.5 

111.1 

152.7 

11.3 

15.3 

22.0 

9/04 


109.5 

150.8 

11.4 


22.0 


10/04 

81.6 

108.0 

148.1 

11.3 


22.2 

11/04 

81.4 

106.4 

145.0 

ii .3 

14.9 

22.5 

12/04 

80.2 

104.9 

141.1 

11.2 

14.7 

22.8 

1/05 

80.3 

103.4 

137.0 

11.1 

14.7 

■EE 















































































































































































Appendix B 


Development of the Tier 2 EVA Assembly Time Estimates 

As mentioned earlier, the lack of station-based crew in the Tier 2 assembly analysis 
created assembly EVA shortfalls in the assembly sequence process that had to be 
accommodated. Depending upon the hardware delivered and the criticality of the 
hardware needs for station functionality, the EVA tasks were either deferred to later 
flights or the number of EVAs per flight was increased. In most cases, when an EVA 
was moved from one flight to another, ail of the tasks within that particular EVA were 
transferred. In a few cases where this was not possible, EVA task times were estimated 
by similar or known task times as described in the International Space Station Alpha 
Integrated Operations Scenarios (ISSA IOS), dated September 1994, and the Integrated 
Operations Scenarios, dated February 1993 (IOS ‘93). Where there were major 
discrepancies in total EVA hour estimates, the ISSA Assembly Overviews developed by 
the Mission Operations Directorate (MOD) at JSC for the 9/28/94 Baseline ISSA 
Assembly Sequence took precedence and the task times were adjusted accordingly. 


EVA Timeline 


Flight 

EVA# 

EVA 

(hours) 

1A 

None 

— - 




— — - 

EVA1 

5:40 








EVA2 

3:00 







3A 

EVA1 

5:05 








EVA2 

4:25 


EVA3 


Tasks 


Connect Bus-1 to Nodel EPS Um hilicals 
C onnect PMA2 to Nodel Umbilic als 
Connect PMA3 to Nodel Umbilica ls 
Release CBM Cover Launch Restraints 
Install Nodel Trunnion & Keel Pin Covers 


Connect Z1 truss to Nodel umbilicals 

Deploy Ku-Band Antenna 

Stow Z1 Keel Pin 

Release 2 HP Gas containers from ULC & install on spacer 

truss 

Connect 1 02, 1 N2 gas utilities 

Transfer EVAS Equipment from SLP to Station 

Release 2 HP Gas containers from ULC & install on spacer 

truss 

Connect 1 02, 1 N2 gas utilities 

Transfer EVAS Equipment from SLP to Station 


4A EVA1 



Install S-band RFG on P6 IEA 

Attach ITS P6 to ITS Z1 

Connect Power, Data, and RF Utilities from ITS P6 to ITS 
Z1 


Configure P6 EEATCS QDs 


Perform Upper EPS Pre 


Rotate IEA Keel Pin 


Perform Lower EPS Pre 



Release P6 PV Rad Cinches 


Release P6 PV Rad Winches 


Reconfigure Z1 Patch Panels to Provide P6 Power to U.S. 
Elements 


5:25 

Disconnect PMA2 umbilicals 


Reconfigure APCU jumpers 


Remove Radiator-l&2 cinches 



Remove Radiator-l&2 winches 


Attach PMA2 to Z1 CBM 





Connect Umbilicals 


Vent Lab Heat Exchangers 


Connect Ku-Band umbilicals 


Install Lab PDGF 

Remove/Stow Lab CBM thermal blanket 
Disconnect PMA2 from Z1 CBM 


Connect PMA2 to Lab umbilicals 
















EVA Timeline 


Stage # 

Flight 

EVA# 

EVA 

(hours) 

Tasks 

6 

6A 

EVA1 

5:20 

Install Lab Cradle Assembly (LCA) on Lab 






Install LCA capture latch umbilicals to Lab aft endcone 




Install PDGF umbilicals to Lab Fwd endcone 





Disconnect umbilicals from PMA3 to Nodel , 





Install UHF antenna to Lab Nadir 



EVA2 

4:20 

Connect PDGF umbilicals from SSRMS to Lab 





Deploy SSRMS 





Install Nodel external camera 



EVA3 

2:00 

Reconfigure PDGF umbilicals to Lab PDGF 





Release and stow SSRMS umbilicals on FSE 






7 

UF-1 

0 

0:00 







8 

7A 

EVA1 

5:20 

Release 2 HP Gas containers from ULC & install on 
Airlock 





Connect 1 02, 1 N2 Gas utilities 



EVA2 

5:20 

Release 2 HP Gas containers from ULC & install on 
Airlock 





Connect 1 02, 1 N2 Gas utilities 






9 

8A 

EVA1 

6:00 

Install Fwd SO MTS struts on Lab 





Install Aft SO MTS struts on Lab 





Relieve loads on LCA guide cones 



EVA2 

5:05 

Connect Lab/SO umbilicals 





Install Lab fwd umbilicals 





Install PDGF umbilical 





Release MT 





Attach TUS cables to MT 






10 

Bus 

EVA1 

4:20 

Connect Bus-1 to ITS Z1 EPS Umbilicals 



EVA2 

4:00 

Remove and stow port keel pin/drag link 





Install Ceta-to-MT shock absorbers 





Deploy EV.CPDS 





Release PWP launch restraint 





Remove plasma contactor covers 



EVA3 

6:00 

Remove and stow stbd keel pin/drag link 





Install airlock spur 





Install Nodel to SO umbilical tray 

j 




Stow Lab cradle assembly umbilicals 






11 

UF-2 

EVA1 

4:45 

Secure MBS 





Deploy POA 





Remove MBS Avionics Thermal Blanket 





MBS Checkout 







B-2 







EVA Timeline 


Stage # 

Flight 

EVA# 

EVA 

(hours) 

Tasks 

12 

9A 

EVA1 

5:50 

Connect upper and lower tray utilities 

— 




Remove radiator beam launch locks (18) 




Deploy S-Band and IVA 



EVA2 

5:50 

Reconfigure AUA1 umbilicals to S-Band 





Install SI outboard nadir camera 





Relocate Nodel camera to Lab 






Connect Ammonia tank N2 umbilicals 





Deploy CETA Cart 





Rotate MT stop 





Connect PMA3 to Node 1 umbilicals 






13 

10A 

EVA1 

5:30 

Remove and stow inboard keel pin 





Remove and stow outboard keel pin 





Deploy Light Stanchion 





Connect CETA cart to MT 





install OTD on CETA Cart 



EVA2 

3:20 

Disconnect PMA2-to-Lab umbilical 





Release Cupola window launch restraints 





Remove CBM cover launch restraints 



EVA3 

4:35 

Install Node2 trunnion/keel pin covers (5) 





Install Node2 fwd-to-Node2 aft umbilical tray 





install Node2 fwd-to-Node2 aft umbilical tray 



EVA4 

5:05 

Connect PMA2-to-Node2 umbilical 





Install SO to Node2 fwd umbilical tray 





Install SO to Node2 fwd umbilical tray 






14 

11A 

EVA1 

4:50 

Perform ITS PI to ITS SO utility connections 





[Deploy UHF antenna 





Release Port TCS Radiator Beam Launch Locks (18) 



EVA2 

4:55 

Deploy and attach upper and lower extemai cameras 





MT/SSRMS assest EVA camera installation 





Remove ITS PI Stbd Keel Pin / Drag Link and stow 



EVA3 

4:35 

CETA cart preparation 





Remove ITS PI Port Keel Pin/Drag link and stow 





Rotate SO stbd MT Rail stop and stow 





Connect Ammonia tank umbilicals 






15 

UF-3 

None 

0:00 








B-3 









EVA Timeline 


Stage # 
16 

Flight 

EVA# 

EVA 

(hours) 

Taoks 

1 J/A 

EVA1 

EVA2 

5:00 

4:40 

Relocate EVAS equipment to CETA carts 
Retrieve S-Band antenna 




MT/SSRMS relocate S-Band antenna to PI truss 

— 




install S-band antenna 



EVA3 

EVA4 

4:35 

5:40 

Install APM/JEM DDCU Umbilical Travs 
Relocate external camera from Sl-IL to si-OL 






Install first High Pressure 02 tank 





Relocate replacement HP 02 tank on ULC 





Remove old HP 02 tank and place on ULC 





Install replacement HP 02 tank on Airlock 





Stow ULC on MBS ~ 



EVAS 

5:55 

Install second High Pressure 02 tank 





Relocate replacement HP 02 tank on ULC 





Remove old HP 02 tank and plat : on ULC 





Install replacement HP 02 tank on Airlock 



■MIBI 


Install trunnion covers on ELM-PS ^ 



EVA6 

3:00 

Release SPDM launch restraints 





SSRMS stows SPDM on MBS PDGF 

17 

12A 

EVA1 

2:12 

Connect ITS P3 to ITS PI Utilities 





Rotate PI MT Stop 





Rotate P4 Keel Pin 

. 


EVA2 

4:45 

Deploy Port ULCASs (2) and Install 2 P3 SARJ braces 





Install remaining P3 SARJ braces 






Remove and Stow ITS P3 Keel Pin 




: 

Install 4 P4 SARJ braces 


B-4 




EVA Timeline 


Stage # 

Flight 

EVA# 

EVA 

(hours) 

Tasks 

18 

12Ap 

HVA1 

4:44 

Perform upper EPS preparation 





Perform lower EPS preparation 



F.VA2 

5:36 

Release PV Radiator Cinches 





Release PV Radiator Winches 





Connect Lab Ch 2B loads to MBSU outputs 





Utility DDCli Jumper Config at F 1 





MBSU-DDCU Jumper Config at PI 





Core SPDA Jumper Config at SO 





Remove and Stow SARJ Race Ring Launch Locks and 
Launch Restraints 



EVA3 

5:20 

Connect PI TCS to Lab Heat Exchanger Umbilicals 





Engage SARJ DLAs 





Wait for Lab Reconfiguration 





Connect Lab Ch 4B loads to MBSU Outputs 





Utility DDCU Jumpers Config at SI 





MBSU-DDCU Jumper Config at SI 





Core SPDA Jumper Config at SO 



EVA4 

3:45 

Connect SI TCS to Lab Heat Exchanger Umbilicals 





Stow (winch down) stbd ETCS radiator 





Stow (winch down) aft ETCS radiator 



EVAS 

5:40 

P5 Installation 





Translate P5 on MT to P3 





Attach P5 to P4 j 





Connect P4/P5 Power & Data Utilities 





PFR Setup to remove GF 





SSRMS Grapple GF and Remove GF Bracket 





Translate GF Bracket from P3 to SO 





Install GF Brackets on P6 Stbd. 



EVA6 

3:30 

Unstow P4 AJIS strut and P4, P5, P6 MT rails, temporarily 
stow on MBS and translate to P3 



EVA7 

5:30 

Install P4 AJIS strut 





install P4/P5MT rails 






19 

UF-4p 

0 

0:00 







20 

BF-1 

0 

0:00 







21 

13A 

EVA1 

2:10 

Connect SI to S3/S4 Utilities (Power and Data) 





Rotate SI MT Rail Stop 





Rotate S4 Keel Pin 



EVA2 

6:00 

Relocate P6 Stbd ETCS Radiator to Function as S4 PV 
Radiator 





Stow Grapple Fixture on P5 







B-5 



wy 




EVA Timeline 


Stage# Flight EVA# 

22 13Ap EVA1 


EVA 

(hours) 

9.15 


EVA2 


EVA3 


EVA4 




EVAS 1 

5:10 


23 UF-5p I None 


1J EVA1 


Tasks 

Release SARJ Race Ring Launch Locks and SARJ Launch 

Restraints 

Engag e SARJ DLAs 

P rep tipper EPS Equip me nt 
Prep L o wer EPS Equipment 

Rigidize 4 S4 SARJ Braces 

Disconnect Bus-1 to P6 Umbilicals 

Remove S3 Keel Pin and Drag Link 

Deploy 2 PAS and Attach 4 S3 SARJ Braces 

Install S4 AJ1S strut 

Install S4MT rails 

Rotate S3 MT rail stop 

Stow P6 PV Radiator 

Disconnect P6 to Z1 Utilities 


Detach P6 from Zl 

Disconnect Z1 to SO/MBSU Power Jumpers 

Reconfigure MBSU-2B & 4B Input Power Feeds 

Attach P6 to P5 

Connect P6 to P5 Power and Data Utilities 

Unstow P6 PV Radiator 


Deploy 2 PAS 


EVA6 

4:10 

Connect Dus-1 to Zl umbilicals 



Install P6 MT rails 


Rotate P3 MT rail sto 


Stow P6 MT rail ends on P6 


Relocate Sl-OL camera to S1-1U camera port 


Install JEM PM trunnion and keep pin covers 


Relocate Lab camera to Sl-OU 






Remove JEM RMS thermal covers 





Install JEM PM cameras/lights 





Release CBM cover launch restraints 



EVA2 

1:40 

Connect PDGF utilities to JEM PM endcone 


EVA1 


Install S5 on end of S4 


Install JEM EF TV camera/lights 


Move camera from PI inner-lower port to SI inner-upper 
rt 























EVA Timeline 


■>; D 


Stage# 

Flight 

EVA# 

EVA 

(hours) 

Tasks 

28 

15A 

EVAl 

5:40 

Attach S6 to S5 





Connect S6 to S5 utilities (Power/Data) 





install S4 AJIS strut 





Rotate S6 MT rails 



EVA2 

6:00 

Relocate P6 temp ETCS radiator to S6 



EVA3 

6:00 

Complete S6 PV radiator preparation 





Upper and lower EPS prep 





Rotate IEA keel pin 






29 

BF-2 

None 

0:00 







30 


None 

0:00 



■■■ 




31 


EVAl 

6:00 

Connect umbilicals to Centrifuge Module 






32 

IE 

EVAl 

1:30 

Disconnect PMA3 to Node 1 Umbilicals 






33 


EVAl 

4:00 

Connect Hab heat exchanger and power umbilicals & 
PDGF and PMA umbilicals 





Install Hab PDGF 



EVA2 

4:40 

Remove thermal cover from Hab nadir 





Connect PMA3 umbilicals to Hab nadir 






34 

17A 

None 

0:00 







35 



0:00 



| 





36 


19A 


None 


0:00 
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